Evaluation of progress in recurrent selection for specific combining ability in two open-pollinated maize (Zea mays L.) varieties by Walejko, Ronald N.
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1976
Evaluation of progress in recurrent selection for
specific combining ability in two open-pollinated
maize (Zea mays L.) varieties
Ronald N. Walejko
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agricultural Science Commons, Agriculture Commons, and the Agronomy and Crop
Sciences Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Walejko, Ronald N., "Evaluation of progress in recurrent selection for specific combining ability in two open-pollinated maize (Zea
mays L.) varieties " (1976). Retrospective Theses and Dissertations. 5809.
https://lib.dr.iastate.edu/rtd/5809
INFORMATION TO USERS 
This material was produced from a microfilm copy of the original document. While 
the most advanced technological means to photograph and reproduce this document 
have been used, the quality is heavily dependent upon the quality of the original 
submitted. 
The following explanation of techniques is provided to help you understand 
markings or patterns which may appear on this reproduction. 
1. The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. 
This may have necessitated cutting thru an image and duplicating adjacent 
pages to insure you complete continuity. 
2. When an image on the film is obliterated with a large round black mark, it 
is an indication that the photographer suspected that the copy may have 
moved during exposure and thus cause a blurred image. You will find a 
good image of the page in the adjacent frame. 
3. When a map, drawing or chart, etc., was part of the material being 
photographed the photographer fc'lcwsd z dsfinits method in 
"sectioning" the material, it is customary to begin photoing at the upper 
left hand corner of a large sheet and to continue photoing from left to 
right in equal sections with a small overlap. If necessary, sectioning is 
continued again — beginning below the first row and continuing on until 
complete. 
4. The majority of users indicate that the textual content is of greatest value, 
however, a somewhat higher quality reproduction couid be made from 
"photographs" if essential to the understanding of the dissertation. Silver 
prints of "photographs" may be ordered at additional charge by writing 
the Order Department, ffving the catalog number, title, author and 
specific pages you wish reproduced. 
5. PLEASE NOTE: Some pages may have indistinct print. Filmed as 
received. 
University Microfilms International 
300 North Zeeb Road 
Ann Arbor. Michigan 48106 USA 
St. John's Road. Tyler's Green 
High Wycombe. Bucks, England HP10 8HR 
I 
I 
77-10,346 
WALEJKO, Ronald N., 1949-
EVALUATION OF PROGRESS IN RECURRENT 
SELECTION FOR SPECIFIC COMBINING 
ABILITY IN TWO OPEN-POLLINATED 
MAIZE (ZEA MAYS L.) VARIETIES. 
Iowa State University, Ph.D., 1976 
Agronomy 
Xerox University Microfilms, Ann Arbor, Michigan 48106 
Evaluation of progress in recurrent selection for specific 
Ronald N. Walejko 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of 
The Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Department : Agronomy 
Major: Plant Breeding and Cytogenetics 
combining ability in two open-pollinated 
maize (Zea mays L.) varieties 
by 
Approved: 
For the Graduate College 
Iowa State University 
Ames, Iowa 
1976 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
ii 
TABLE OF CONTENTS 
Page 
I. INTRODUCTION 1 
II. LITERATURE REVIEW 3 
A. Type of Gene Action in Yield Heterosis in Com 3 
B. Combining Ability Studies 10 
III. MATERIALS AND METHODS 21 
A. Plant Materials 21 
B. Field Procedures 23 
C. Statistical Methods 28 
1. Analyses of variance and regression 
analyses 28 
2. Phenotypic correlations 41 
3. Estimation of inbreeding depression 42 
4. Expected gain from selection 42 
IV. RESULTS AND DISCUSSION 44 
A. Study 11: Experiments 40511, 40611, 40811, 
50511, and 50811 44 
B. Study 12: Experiments 40512 and 50512 80 
V. GENERAL DISCUSSION AND CONCLUSIONS 102 
VI. LITERATURE CITED 110 
VII. ACKNOWLEDGMENTS 115 
VIII. APPENDIX 116 
1 
I. INTRODUCTION 
The development of improved breeding populations in maize 
and the subsequent selection, from these populations, of inbred 
lines with superior hybrid performance are the primary goals of 
present maize breeding programs. To decide upon the most effi­
cient breeding and testing procedures to improve populations, 
the maize breeder must have adequate knowledge of the type of 
gene action involved in yield heterosis. 
Recurrent selection for specific combining ability and 
recurrent selection for general combining ability have been 
proposed as methods to improve maize populations. Recurrent 
selection for specific combining ability is based on the 
assumption that overdominance is the main type of gene action 
responsible for yield heterosis. Conversely, recurrent selec­
tion for general combining ability is based on the assumption 
that dominant, favorable factors are involved in yield hetero­
sis . 
Sprague and Miller (1950) suggested that a measure of the 
relative importance of dominant and overdominant types of gene 
action could be obtained by observing the effects of changes in 
gene frequencies of populations undergoing recurrent selection 
for specific combining ability. They proposed that recurrent 
selection for specific combining ability be conducted in two 
unrelated heterozygous stocks with a common inbred line tester. 
If selection for yield has been effective in accumulating 
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dominant alleles in the sources, the changes in the population 
crosses (CQ X CQ to x C^) should be a linear upward trend. 
However, if selection has been effective in accumulating reces­
sive alleles for those loci where the inbred line tester has 
dominant alleles and dominant alleles where the inbred line 
tester has recessive alleles, because of the greater relative 
importance of overdominance in yield heterosis, the changes 
in the population crosses will be a curvilinear response with 
the crosses of the later populations exhibiting a downward 
trend relative to the Cq X Cq. Such a recurrent selection pro­
gram involving two open-pollinated varieties, Kolkmeier and 
Lancaster, and the common inbred line tester, Hy, was conducted 
at the Iowa Agricultural Experiment Station. 
The objectives of this study were: 
1. To determine changes relative to the Kolkmeier and 
Lancaster populations per se, the populations in 
testcrosses with the inbred line tester, Hy, and 
the Cq X Cq to C^ x C^ population crosses. 
2. To determine if the changes observed in the Hy 
testcrosses are also expressed in testcrosses with 
other unrelated inbred lines and populations. 
3. To compare changes in this program with changes 
in other materials from similar recurrent selection 
programs. 
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II. LITERATURE REVIEW 
A. Type of Gene Action in Yield Heterosis in Corn 
Heterosis is the biological phenomenon expressed as the 
increased growth and productivity of the hybrid as compared 
with its parents. Darwin (1888) was one of the first biolo­
gists to notice and explain heterosis. He suggested that the 
increased capacity for growth and viability of the offspring 
of a cross was due to the combining of sexual elements of dif­
ferent qualities. He indicated the possibility of utilizing 
heterosis to obtain hybrids of plants and animals with in­
creased vigor. How heterosis arises has been debated among 
com breeders since the early 1900's, 
Significant yield heterosis with respect to the better in­
bred line parent of a cross has played a vital role in the hy­
bridization of com. Early information on yield heterosis in 
com stimulated work on inbreeding and hybridization. G. H. 
Shull conducted one of the earliest experiments on inbreeding. 
Shull (1909) , and East and Jones (1919) reported that lines 
developed by inbreeding from open-pollinated varieties became 
progressively less vigorous. They further concluded that the 
depression in performance was caused by the reduction of a line 
to a homozygous condition (increased homozygosity) with in­
breeding. Heterosis or hybrid vigor results from the mating 
of unrelated individuals. It is the converse of inbreeding 
depression--the result of mating related individuals. Shull 
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(1910), and East and Jones (1919) found that, upon crossing 
inbred lines, the resulting hybrids were more productive than 
either of the inbred parents. 
Sprague (1953) reviewed the literature pertaining to the 
manifestation of heterosis. No attempt will be made here to 
provide a detailed review of the vast amount of literature con­
cerned with this phenomenon. A brief description of the two 
hypotheses that have been postulated to account for heterosis 
in corn will be given. The two hypotheses are: 
1. Dominant, favorable-growth factor hypothesis. 
2. Overdominance or divergent alleles hypothesis. 
Although the dominant, favorable-growth factor hypothesis 
was advanced by Jones (1917), Keeble and Pellew (1910) were 
the first authors to present evidence in favor of this hypothe­
sis. They observed in garden peas that the progeny of a 
cross was 2 feet taller than either parent. The observed Fg 
data closely agreed with the expectations for a digenic ratio. 
They suggested that two factors were involved in plant height: 
One produced thick stems and the other, long intemoJes. They 
concluded that both factors showed dominance over the allelo-
morphic condition. East and Hayes (1912) objected to the domi­
nant favorable growth factor hypothesis. They reasoned that, 
if heterosis were due to the dominant type of gene action, it 
would be possible, from a given population, to obtain both a 
homozygous line with all the dominant factors and a homozygous 
line lacking all the dominant factors. Upon crossing these 
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inbred lines, the progeny should not be greater in vigor 
and productivity than the homozygous parent with all the domi­
nant factors. These results, of course, have never been ob­
tained. Jones (1917) suggested that the objection put forth 
by East and Hayes did not take into consideration the presence 
of linkage. Because of linkage, it is impossible to recombine 
all the favorable dominant factors into one homozygous strain; 
Jones (1917) reasoned that this is why heterozygosity has a 
stimulating rather than a depressing or neutral effect. 
East (1936) originally proposed the divergent alleles 
hypothesis because there was no evidence for partial to com­
plete dominance in yield heterosis. He concluded that, if 
numerous nondefective allelomorphs are present in a species, 
heterosis is expressed when the effect of A2^A^<A^A2<A^Ag, etc. 
He suggested that this phenomenon is manifested in a cross of 
two pure lines when the heterozygote exceeds either homozygous 
parent. Hull (1945) originally used the term "overdominance" 
and suggested it would account for the 20% or more heterosis 
that is commonly observed in hybrids of corn. He proposed a 
method of recurrent selection that uses an inbred line or 
single cross as a tester to capitalize on the overdominant 
type of gene action. This method was termed "recurrent selec­
tion for specific combining ability." Hull (1952) presented 
evidence from twenty-five experiments that supported the over-
dominance hypothesis. This evidence was based on the 
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regression of and F2 yields on yields of parent lines. 
Crow (1948, 1952) presented theoretical evidence that in­
creases (greater than 5 percent) in vigor of crosses involving 
members of equilibrium populations cannot be explained satis­
factorily by the dominance hypothesis. He suggested that in 
an equilibrium population the average decrease in selective 
value due to homozygous recessive loci is equal to the product 
of the number of gene loci (n) and the average mutation rate 
(Û). He assumed that the beneficial genes are completely domi­
nant and the deleterious genes are recessive. He also assumed 
an average mutation rate of 10 ^. Therefore, an increase in 
vigor, as measured by the selective advantage, would result 
from replacing all homozygous recessive alleles with the favor­
able dominant alleles. However, if all recessive factors were 
replaced, the selective advantage of individuals in the popula­
tion would be approximately 5 percent. (This is the maximum 
possible increase in vigor under the dominance hypothesis.) 
Clearly, another explanation of hybrid vigor is needed. Crow 
(1948) suggested a second hypothesis that heterozygosity per se 
produces an increase in vigor. He suggested that, in the hy­
brid, alleles might be acting on different substrates or trans­
forming the same substrate into different products, thereby 
resulting in heterozygotes being more extreme than either homo­
zygote. These conclusions agree with the original hypothesis 
for heterosis put forth by East (1936). Brieger (1950) arrived 
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at conclusions similar to those of Crow, He calculated the 
number of deleterious mutants that would have to be accumulated 
to explain the effects of selfing in a hybrid population ex­
hibiting heterosis. He concluded that not enough loci were 
present in a corn plant to accumulate the number of required 
mutants that would account for the dominance hypothesis. 
Crow's entire argument was based on the assumption that 
an equilibrium population exists. Robinson and Comstock (1955) 
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found that estimates of the average degree of dominance (0^/03) 
obtained from first cycle progenies in a recurrent selection 
scheme were in the over dominance range. However, when the 
selection was advanced to the third cycle, estimates of the 
average degree of dominance were lower. They suggested that 
recombinations had broken up linkage biases found in the first 
cycle progenies. In a summary article, Gardner (1963) reported 
that estimates of the average degree of dominance obtained in 
F2 populations were generally in the complete to overdominance 
range. However, when these F2 populations were random-mated 
for several generations, the estimates of the average degree 
of dominance lowered to the partial to complete dominance 
range. These results, along with the results of Robinson and 
Comstock (1955), suggest that the expression of overdominance 
is caused by populations being in linkage disequilibrium. 
If overdominance is the type of gene action involved in 
yield heterosis, then hybrid vigor (greater than 5 percent) 
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between heterogeneous varieties (open-pollinated and synthetic) 
should be observed. Robinson et al. (1956) found in a diallel 
set of crosses among six southern open-pollinated varieties of 
maize that the population crosses averaged 11.5% higher grain 
yield than the high-parent population. Hallauer and Eberhart 
(1966) found in a variety-cross diallel of nine Midwestern 
synthetic varieties that the average observed heterosis was 
11% and 6% for the midparent and high parent, respectively. 
Eberhart (1971) evaluated a nine-parent diallel of semi-exotic 
Com Belt varieties and a six-parent diallel of semi-exotic 
Southern varieties. He found average heterosis values of 14% 
and 21% over the midparent in the Com Belt and Southern 
diallels, respectively. Hallauer and Malithano (1976) reported 
that, in a seven-parent-variety diallel of unselected synthetic 
varieties, the average midparent heterosis was 18.5%. They 
also found that in a ten-parent-variety diallel of improved 
varieties, the midparent heterosis expressed among individual 
variety crosses ranged from 4.3% to 37.6%. Thus, evidence is 
available that shows greater than 5 percent hybrid vigor in 
crosses between heterogeneous varieties. 
If overdominance is the major type of gene action in com, 
then the genetic variances associated with the expression of 
this phenomenon should be largely dominance variance, with a 
small amount of additive genetic variance. Robinson, Comstock, 
and Harvey (1949) found the degree of dominance for plant and 
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ear traits to be relatively small. The degree of dominance 
for grain yield, however, was estimated to be higher than for 
the other traits measured. They suggested that overdominance 
might be the type of gene action involved in yield heterosis. 
Gardner et al. (1953) found that estimates of the additive 
genetic variance were larger than estimates of the dominance 
variance. They cautioned that the average degree of dominance 
that was estimated might be biased upward from linkage, epista-
sis, and genotype x environment interaction. In a summary 
article, Moll and Stuber (1974) have concluded that estimates 
of genetic variances of the important agronomic traits in both 
self-pollinated and cross-pollinated crop species have been 
predominantly made up of the additive portion. 
The controversy over the type of gene action involved in 
heterosis has stimulated the development of methods to esti­
mate the relative amounts of additive, dominance, and epistatic 
gene action. The diallel cross, first used by Sprague and 
Taturn (1942) to obtain estimates of general and specific com­
bining ability variances, the mating Designs I, II, and III, 
proposed by Comstock and Robinson (1952), the "diallel analy­
sis" developed by Griffing (1956), and the "generation mean 
analysis" proposed by Hayman (1958) to separate additive, domi­
nance , and epistatic effects are a few of the methods used to 
estimate the relative portions of the different types of gene 
action involved in yield heterosis. 
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B. Combining Ability Studies 
Sprague and Tatum (1942) used the term "general combining 
ability" to designate the average performance of a line in hy­
brid combinations with a group of other lines. They also used 
the term "specific combining ability" to designate those cases 
in which certain combinations do relatively better or worse 
than would be expected on the basis of the average performance 
of the lines involved. It is generally assumed that general 
combining ability is a measure of additive gene action, while 
specific combining ability measures nonadditive gene action. 
Jenkins (1940) suggested that combining ability, i.e., 
"the segregation of genes affecting grain yield as reflected 
in the differences among individual plants to impart high 
average yield to their hybrid progeny," was determined early 
in the inbreeding process and remained relatively stable. 
These observations about combining ability led him to propose 
a breeding method which has become known as "recurrent selec­
tion for general combining ability." This method utilizes a 
broad-base tester to improve synthetic varieties. Jenkins 
(1940) originally proposed this method to be used for marginal 
corn growing areas where the production of hybrid com may not 
be economically feasible. The essential steps in this method 
are : 
(1) Within a synthetic variety, self the desired 
Sq plants and outcross to a broad-base tester; 
11 
(2) evaluate the testcrosses for yield and other 
agronomic traits the next season; 
(3) in the third season, intercross the better 
selfed lines based on the testcross per­
formances . 
Lonnquist (1949) used a form of recurrent selection for 
general combining ability in an open-pollinated variety called 
Krug Yellow Dent. The broad-base tester used in this study 
was the original parent variety. Desired Sq plants were self-
pollinated, but were not outcrossed to the tester at the time 
of selfing. Rather, a random sample of seed from each ear 
was planted in a crossing block with the parental variety as 
the male parent to produce topcrosses. Based on the topcross 
performances, the eight highest yielding and seven lowest 
yielding lines were determined and recombined to form the 
syn-1 generation for a high-yield and low-yield synthetic, 
respectively. Samples from each synthetic were again isolated 
in 1946 and 1947 to form the syn-2 and syn-3 generations, re­
spectively. Selection was applied at harvest in each of these 
years. Yield trials of these synthetics in 1947 and 1948 
showed that the syn-2 generation had an average yield of 130% 
and 86% of the parent variety for the high-yield and low-
yield synthetic, respectively. In 1948 tests, the syn-3 gen­
eration was measured for yield in the high and low synthetics 
and found to be 118% and 88%, respectively, when compared to 
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the corresponding syn-2 generations. Lonnquist (1949) sug­
gested that, if simple, additive gene action predominates in 
corn, then recurrent selection for general combining ability 
should increase the frequencies of genes affecting yield. He 
also suggested that this method should have value, not only as 
a method of improving synthetics, but also as a method to 
develop germplasm reservoirs from which superior inbred lines 
can be extracted. 
Lonnquist (1961) summarized the progress in developing 
improved varietal populations or synthetics by using the method 
outlined by Jenkins (1940). Three open-pollinated varieties, 
Dawes No. 2, Krug Yellow Dent, and Nubold Reid, and three syn­
thetic varieties. Synthetic A, Synthetic B, and Iowa Stiff 
Stalk Synthetic have undergone selection for general combining 
ability at the Nebraska Experiment Station. After one cycle 
of selection, Lonnquist found an average improvement in grain 
yield of 13% for the three open-pollinated varieties. The 
Krug and Reid varieties, and the A, B, and Stiff Stalk syn­
thetics were further advanced to the second and third cycles 
by selection for general combining ability. The average yield 
improvement was 9% and 1% for the second and third cycles of 
selection, respectively. Lonnquist (1961) suggested that prior 
to the use of improved populations as a source of inbred lines, 
recurrent selection for general combining ability could be 
used to capitalize on the additive genetic effects. 
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Recurrent selection for specific combining ability, as 
originally proposed by Hull (1945), uses an inbred line as a 
constant tester parent. This method of recurrent selection 
can be outlined as follows : 
(1) The first season, desired Sq plants in a 
heterogeneous population are self-pollinated 
and outcrossed to an inbred tester line; 
(2) the second season, testcross performances 
are evaluated; 
(3) in the third season, based on testcross per­
formances, the superior lines are inter­
crossed to form the next cycle. 
Hull's proposal was based on the assumption that overdominance 
was the major cause of yield heterosis. He suggested that if 
the gene frequency in the tester line is q, then the average 
gene frequency in the heterogeneous population undergoing 
selection will approach 1-q as a limit. Thus, the cross of the 
line X selected population would result in maximum heterozygo­
sity and, presumably, maximum yield. 
Comstock, Robinson, and Harvey (1949) proposed a breeding 
method which they believed would be effective regardless of 
the type of gene action present in corn. They termed their 
method "recurrent reciprocal selection," now known as "recipro­
cal recurrent selection." Based on theoretical considerations, 
they hypothesized that, in the event of partial dominance at 
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some loci and overdominance at others, reciprocal recurrent 
selection would be more effective than either recurrent selec­
tion for general combining ability or for specific combining 
ability. This interpopulation improvement method has been 
successful in improving the population cross. Eberhart, 
Debela, and Hallauer (1973) evaluated the progress from five 
cycles of reciprocal recurrent selection in two synthetics, 
Iowa Stiff Stalk Synthetic and Iowa Corn Borer Synthetic #1. 
They found the improvement in grain yield of the population 
cross to be 4.3% per cycle. Similarly, Moll and Stuber (1971) 
evaluated the progress of six cycles of reciprocal recurrent 
selection in Jarvis and Indian Chief, two open-pollinated 
varieties of corn. In this study, grain yield of the popula­
tion cross was improved at the rate of 3.5% per cycle. 
Lonnquist (1961) discussed preliminary data from recur­
rent selection for specific combining ability. Selection was 
practiced in an open-pollinated variety, Krug, with a single-
cross tester, (WF9 x M14). He obtained a 3.4% increase in 
grain yield per cycle for the population x the tester cross. 
Testcrosses of the C^^ and C^ populations with an unrelated 
synthetic variety, showed that the gain in mean yields was 
about the same as for the population per se. Thus, general 
combining ability as well as specific combining ability had 
been improved. 
Horner et al. (1976) evaluated seven cycles of recurrent 
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selection for specific combining ability in which a single-
cross tester, (F44 x F6), was used. The source population (Cq) 
was made up of a population cross from the Fg generation of 
GT112 X L578 and from FS767, a broad-base composite. The seven 
cycles of selection resulted in 18% more grain yield, 9% lower 
ear height, and 35% less lodging. Similarity in response of 
the selected population in crosses to an unrelated synthetic 
tester, FS3W, and to the tester used for selection, was found. 
They suggested that these results indicated selection was pri­
marily for additive effects. In an earlier report, Horner 
et al. (1973) found similar results in a study to compare three 
methods of recurrent selection in corn--inbred tester method, 
parental tester method, and Sg progeny method. They found that 
the inbred tester was nearly twice as effective as a broad-
base tester or $2 progeny selection for improving frequencies 
of genes having additive effects. 
Sprague and Miller (1950) proposed a modification of re­
current selection for specific combining ability to determine 
the relative importance of the type of gene action involved in 
yield heterosis. They suggested that two unrelated heterozy­
gous stocks be chosen with prior knowledge that the F^ hybrid 
between these stocks gave a significant increase in yield over 
either parent. Individual Sq plants in each stock are self-
pollinated and outcrossed to a common inbred tester line. 
After the testcross performances are evaluated, the selfed ears 
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within each stock having the best performance are intercrossed. 
If selection for combining ability is effective and dominance 
is the sole cause of yield heterosis, the average gene fre­
quency for all genes affecting yield after several cycles of 
selection will approach 1.0 as a limit. However, if over-
dominance is the type of gene action involved in yield hetero­
sis, then the gene frequency in both stocks will approach 1-q 
as a limit where q is the gene frequency of the inbred tester 
line. They suggested that if the selection practiced has been 
for dominant alleles in both heterozygous stocks, then the 
population crosses (CQ X CQ to x C^) should show a linear 
upward trend for yield. However, if selection has been mainly 
to fix recessive alleles for those loci where the inbred tester 
line carries dominant alleles, and dominant alleles where the 
inbred tester line carries recessive alleles, then the popula­
tion crosses should show a curvilinear response with later 
crosses showing a downward trend relative to the cross between 
the original populations. 
Two selection programs of the type proposed by Sprague and 
Miller (1950) were conducted in corn at the Iowa Agricultural 
Experiment Station. Sprague and Russell (1956), and Sprague, 
Russell, and Penny (1959) evaluated the effectiveness of two 
cycles of recurrent selection for specific combining ability. 
The heterozygous source populations used in this study were 
Lancaster Surecrop and Kolkmeier, an Indiana strain of Reid. 
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The tester parent for the first cycle was the single cross, 
(WF9 X Hy), and for subsequent cycles the inbred line, Hy, was 
used. Sprague et al. (1959) found that the population crosses, 
CQ X CQ, X C^, C2 X C2, exhibited increasing yield trends. 
They concluded that the type of gene action involved in yield 
heterosis in these varieties was partial to complete dominance. 
In a similar program. Penny, Russell, and Sprague (1962) 
evaluated progress from two cycles of selection in an open-
pollinated variety, Alph, and the generation of the cross, 
(WF9 X B7). The inbred line, B14, was used as the common 
tester line. They found that grain yield increased 7.3% and 
11.57o for the (WF9 x B7)F2 and Alph populations per se, re­
spectively, in two cycles of selection. They also found that 
the yields of the population crosses (Cq x C^, x C^, x 
C2) increased 7.3%. They concluded that recurrent selection 
for specific combining ability has accumulated genes exhibiting 
partial to complete dominance or additive effects. Later, 
Russell, Eberhart, and Vega (1973) conducted a more comprehen­
sive evaluation of five cycles of recurrent selection of the 
same program. The Alph and (WF9 x B7)F2 populations per se 
and the population crosses (CQ X CQ to x C^) showed signifi­
cant rates of grain yield gain per cycle. They also found that 
when the Alph and (WF9 x B7)F2 populations were crossed to an 
unrelated broad-base tester, BSBB, similar rates of gain per 
cycle for yield were observed when compared to the B14 crossed 
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to the same populations. They concluded that the changes of 
gene frequencies had been mainly at those loci that have genes 
with additive effects and partial or complete dominance. 
The type of gene action involved in yield heterosis is 
important in choosing the proper tester to use in a corn breed­
ing program. Corn breeders have differing opinions on the 
type of tester best suited to evaluate materials in their pro­
grams. 
Hull (1947) stated that theoretically the most efficient 
tester would be an inbred line that is homozygous recessive at 
all loci. Keller (1949) defined a "suitable tester" as one 
that detected inherent differences in combining ability of the 
lines tested. Matzinger (1953) defined a "desirable tester" 
as one that combined simplicity in use with maximum information 
on the performance of the lines tested. Both Keller (1949) 
and Matzinger (1953) agreed that the choice of tester is de­
pendent upon the use to be made of the material tested. When 
the objective is to determine a replacement for an existing 
line in a certain combination, the most appropriate tester 
would be a single cross or inbred line--a narrow-base tester. 
However, if the breeder were interested in attaining a high 
level of general performance, the most appropriate tester 
would be one with a broad genetic base. Hallauer (1975), in a 
summary article which discussed the relation of gene action and 
choice of tester, suggested that a "suitable tester" should be 
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simple to use, provide information that correctly classifies 
the relative merit of the lines tested, and one that maximizes 
genetic gain. 
Rawlings and Thompson (1962) theoretically considered the 
choice of testers by examining the genetic variability among 
testcrosses for different levels of dominance and different 
gene frequencies in the tester. They suggested that the gene­
tic variation among testcrosses would be equal for all tester 
gene frequencies when there was no dominance. If the average 
gene frequency of the material used as a tester is equal to 
0.5 (such as in a single-cross or a varietal population in 
linkage equilibrium), then the genetic variation among test-
crosses would be equal for all levels of dominance. The gene­
tic variation among testcrosses would be small when the average 
tester gene frequency approached 1.0, as is the case when a 
"good" inbred line is used as a tester. Theoretically, the 
genetic variation among testcrosses is 0.0 when there is com­
plete dominance and increases when in the over dominance range. 
However, when the average tester gene frequency approaches 
0.0, the variation among the testcrosses is large in the par­
tial to complete dominance range and becomes even larger if 
overdominance is present. Rawlings and Thompson (1962) gave 
two requisites for a "good tester," They are: (1) a tester 
must correctly classify in a relative sense the materials under 
selection, and (2) a tester must discriminate efficiently among 
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the materials under selection, i.e., the tester would cor­
rectly classify the material with the least amount of testing. 
Allison and Cumow (1966) presented a theoretical examina­
tion of a single-locus model and discussed how this related to 
choice of tester. They found results similar to those of 
Rawlings and Thompson (1962) and concluded that the recessive 
homozygote is the "best tester" for maximizing the expected 
mean yield of the synthetic variety. 
Reports by Horner et al. (1973, 1976) and Russell et al. 
(1973) have shown that in recurrent selection for specific 
combining ability, unrelated testers (testers not used in 
selection) have given similar rates of gain when compared to 
the related tester. Thus, progress in these studies has been 
primarily for general combining ability and indicates that an 
inbred line can be effective in selecting for both genes with 
additive effects and genes having partial to complete dominance. 
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III. MATERIALS AND METHODS 
A. Plant Materials 
The materials used in this study included Kolkmeier, 
Lancaster, other varietal populations, and inbred lines. The 
basic materials were the open-pollinated varieties, Kolkmeier 
and Lancaster, and the inbred line, Hy. Recurrent selection 
for specific combining ability was initiated in the Kolkmeier 
and Lancaster varieties, using a common single-cross tester, 
(WF9 X Hy). The original testcrosses of these varieties were 
grown at Lafayette, Indiana, in 1943 and 1944, by Dr. Arthur M. 
Brunson. He sent remnant S^ seed of 5 selected Sq plants of 
each variety having superior testcross performance, and the 
bulk seed of the original varieties (Cg) , to the Iowa Agricul­
tural Experiment Station in 1949. The 5 S, lines representing 
each varietal source were intercrossed to form the cycles. 
Inbred Hy was selected as the common tester for cycle 2 and was 
used in all subsequent cycles (Sprague et al., 1959). This 
program was continued for 5 cycles of selection until 1964 at 
the Iowa Agricultural Experiment Station. The original purpose 
of this recurrent selection program was to obtain information 
on the type of gene action involved in yield heterosis, using 
the procedure outlined by Sprague and Miller (1950). This 
procedure was discussed in the Literature Review section. 
Wallace and Brown (1956) suggested that the origin of the 
Lancaster Sure Crop open-pollinated variety was from Lancaster 
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County, Pennsylvania. The Lancaster variety is a mixture of a 
late, rough, large-eared corn with an early, flinty com. 
Wallace and Brown (1956) suggested also that several other 
varieties were introgressed into the Lancaster variety. There 
is no documented information on the origin of the Kolkmeier 
variety. Hy was a widely-used inbred line which was derived 
from the Illinois High Yield variety. 
The recurrent selection program had proceeded through 
5 cycles of selection; therefore, the Cq, C^, C2, Cg, C^, and 
C^ populations for the Lancaster and Kolkmeier varieties were 
available. In 1973, seed from the populations per se, popula­
tion crosses, and the populations x testers were prepared in 
the nursery. Adequate sampling in these open-pollinated, 
heterogeneous materials was attempted so that sampling dif­
ferences would not be a confounding factor in my results. 
Marquez-Sanchez and Hallauer (1970) concluded that 6 to 8 
plants should be used to estimate genetic parameters for yield. 
For all crosses, at least 72 seeds of each population were 
planted, and at pollination most of these plants were sampled. 
Other materials used in this study, as testers for the 
Kolkmeier and Lancaster populations and as populations in test-
cross combinations with inbred line testers, were: (1) the 
original (Cq) and the most improved (C^) cycles of Alph and 
(2) the original population of Iowa Stiff Stalk Synthetic 
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(BSSS) and an improved population, BSSS(HT)C^, of BSSS. Alph 
is an extremely variable, open-pollinated, long-eared variety, 
which was collected in southern Iowa 35 years ago (Hallauer, 
Eberhart, and Russell, 1974). BSSS(HT)C^ was developed from 
BSSS by recurrent selection for general combining ability for 
yield with Ial3 double cross as a tester (Russell et al., 
1971). The inbred line testers, B14A, B73, and Mol7, were 
also used in this study. All materials that were evaluated 
are listed in Table 1. 
B. Field Procedures 
Two separate studies (arbitrarily called 11 and 12) were 
conducted. Experiments 40511, 40611, 40811, 50511, 50611, and 
50811 involved evaluation of agronomic traits in 2-row plots, 
while Experiments 40512 and 50512 involved evaluation of plant 
and ear characters of the same material in single-row plots. 
Each experiment was made up of 72 entries in an 8 x 9 triple 
rectangular lattice design. 
The experiments involving Study 11 were grown near Ames, 
Ankeny, and Martinsburg, Iowa, in 1974 and 1975. However, due 
to severe drought stress at Ankeny in 1975, this location was 
abandoned. The information relative to the experimental 
environments is shown in Table 2. 
In Study 11, all experiments were planted by a 2-row, 
cone-type planter. All plots were overplanted and thinned 
about 5-6 weeks later to obtain densities of approximately 
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Table 1. Listing of the material and entry number assigned to 
the material 
Entry 
number Material 
Entry 
number Material 
Entry 
number Material 
1 25 Hy X K Cg 49 Alph CQ X K C^ 
2 K 26 Hy X K C3 50 Alph CQ X L CQ 
3 K 27 Hy X K 51 Alph CQ X L C^ 
4 K C 3  28 Hy X K Cg 52 Alph C^ X K CQ 
5 K 29 Hy X L CQ 53 Alph C5 X K C5 
6 K Cr 30 Hy X L 54 Alph C^ X L CQ 
7 31 Hy X L Cg 55 Alph Cg X L Cg 
8 L 32 Hy X L Cg 56 BSSS X L CQ 
9 L Cg 33 Hy X L 57 BSSS X L Cg 
10 L Cg 34 Hy X L Cg 58 BSSS (HT) C^ X L C, 
11 L 35 Hy X Mol7 59 BSSS(HT)C^ X L C 
12 L Cg 36 B14A X K CQ 60 K CQ X L C^ 
13 K C X K 
s 
37 B14A X K C5 61 K CQ X L C^ 
14 L C ,  X L 
s 
38 B14A X L CQ 62 K C^ X L CQ 
15 K C ,  X T la =0 39 B14A X L C5 63 K C- X L C« 5 u 
16 K Cq X L Co 40 B73 X K Cq 64 Mo17 X BSSS 
17 K X L 41 B73 X K 65 Mol7 X BSSS (HT)C. 
18 K Cg X L 42 B73 X L Cq 66 B14A X Alph Cq 
19 K C3 X L S 43 B73 X L Cg 67 B14A X Alph Cg 
20 K X L C4 44 Mol7 X K Cq 68 B73 X Alph Cq 
21 K X L =5 45 Mol7 X K C^ 69 B73 X Alph C-
22 K C5 X L G. 46 Mol7 X L CQ 70 M0I7 X Alph Cq 
23 Hy X K Co 47 M0I7 X L C^ 71 Mol7 X Alph Cg 
24 Hy X K <=1 48 Alph CQ X K CQ 72 B73 X M0I7 
^Kolkmeier. 
^Lancaster. 
Table 2. Information relative to experimental environments 
Plot Row Plant Stand 
Year of Experiment Experimental length width spacing density Date 
Location evaluation number design (cm) (cm) (cm) (plants/ha) planted 
Agronomy Farm 1974 40511 8 X 9 TRL* 518.2 76.2 30.5 43,027 4/25 
Ames^ 1974 40611 8 X 9 TRL 518.2 76.2 30.5 43,027 5/30 
Martinsburg 1974 40811 8 X 9 TRL 518.2 96.5 25.9 40,010 5/1 
Agronomy Farm 1975 50511 8 X 9 TRL 518.2 76.2 30.5 43,027 5/10 
Ankeny 1975 50611 8 X. 9 TRL 518.2 96.5 25.9 40,010 5/15 
Martinsburg 1975 50811 8 X 9 TRL 518.2 96.5 25.9 40,010 5/1 
Agronomy Farm 1974 40512^ 8 X 9 TRL 508.2 101.6 25.4 38,750 4/27 
Agronomy Farm 1975 50512 8 X 9 TRL 508.2 101.6 25.4 38,750 5/5 
^Triple rectangular lattice. 
^At the Atomic Energy Plant north of Ames. 
^Quantitative character study. 
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40,000 plants/ha. A relatively low plant density was used be­
cause considerable stalk lodging for many entries was antici­
pated. Data were collected in all plots for yield, stand, 
moisture percentage, and percent root and stalk lodging. Root 
lodging was calculated as the percent of plants in a plot that 
were greater than 30° from the vertical and was recorded in 
mid-September. Stalk lodging was calculated as the percent of 
plants in a plot that were broken below the ear node and was 
recorded just before harvest. Before harvesting, if the 
plants were both root and stalk lodged and previously counted 
as being root lodged, they were not again counted as being 
stalk lodged. 
Total grain yield was obtained on all plots in Study 11. 
All plots were hand harvested to save ears on lodged plants 
and dropped ears. In 1974, total ear weights/plot were taken 
and converted to q/ha of shelled grain by a computer formula 
based on an average shelling percentage and 15.5% moisture. 
Also, a 250-gram sample of grain was taken in the field and 
subsequently tested for moisture percentage in the laboratory 
using a Steinlite moisture meter. In 1975, however, the ears 
were put through a harvest combine to obtain weight of shelled 
grain/plot and later converted to q/ha. The moisture percent­
age was determined in the field by the use of a Burrows mois­
ture meter. 
The experiments involving Study 12 (Experiments 40512 and 
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50512) were grown at the Agronomy Farm near Ames in both 1974 
and 1975. The information relative to these experimental en­
vironments is shown in Table 2. Single-row plots were hand 
planted to 17 hills per row. The plots were overplanted and 
later thinned to one plant per hill. These experiments were 
used to evaluate for changes in traits other than yield. 
Field data were taken for dates to 50% pollen shed and to 50% 
silk emergence for each plot and for plant height and ear 
height for 10 competitive plants per plot. Ears from 10 com­
petitive plants per plot were hand-harvested. After drying, 
data were obtained for number of kernel rows, ear length, ear 
diameter, kernel depth, number of ears per plot, weight per 
300 kernels, shelling percent, and yield. 
Date of pollen shed was recorded as the number of days 
from July 1 until the date when 50% of the plants in a plot 
were shedding pollen. Date of silk was recorded as the number 
of days from July 1 until the date when 50% of the plants in a 
plot had emerged silks. Plant height was measured to the 
nearest centimeter as the distance between the ground and the 
flag leaf collar. Ear height was measured to the nearest 
centimeter as the distance between the ground and the top ear 
node. Numbers of rows of kernels were counted for 10 ears. 
Ear length and ear diameter were measured to the nearest one-
half centimeter for the 10 ears. Kernel depth was calculated 
as the difference between ear diameter and cob diameter 
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divided by 2. The number of ears per plant was calculated as 
the number of first and second ears divided by the number of 
plants harvested per plot. A 300-kemel sample of shelled 
grain was collected from each plot and weighed to the nearest 
gram. Shelling percentage was calculated as the shelled grain 
weight per plot divided by the ear weight per plot. Yield was 
the weight of shelled grain per plot recorded to the nearest 
gram. Plot means were used for statistical analyses of these 
traits. 
C. Statistical Methods 
1. Analyses of variance and regression analyses 
Each experiment in each environment was grown in an 8 x 9 
triple rectangular lattice field design. Data collected on 
each character were first analyzed using the following model: 
^ l i k  = * + + h j  + Vb + 
where 
~ observed value of the plot, 
m = the overall experimental mean, 
= effect of the >t replication, -c = 1, 2, 3, 
B' • = effect of the incomplete block within the 
^ /tth replication, / = 1, . . . ,9, 
V. = effect of the entry, fe = 1, . . . ,72, 
and 
e . .. = the intra-block error associated with the 
^ ijkth observation. 
Table 3 shows the analysis of variance computed from this model. 
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Table 3. Analysis of variance of a triple rectangular lattice 
in one environment 
Source d.f. E(MS) 
Replications (r-1)* 
Entries 
Unadjusted (k^+k-l) 
Adjusted 
Blocks/reps rk 
Error 
RCBD (r-1)(k^+k-1) 
Effective (r-l)(k^-l)-k 
Total r(kVk-l)-l 
^r = number of replications, and 
k = number of entries per incomplete block. 
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The effective error mean square is calculated by the following 
formula, taken from Cochran (1940): 
E = [1 + 2A - (k^ + k - DM] 
k2 + k - 1 
where 
M= 
L = 
1 + 2L 
r(Eb - Eg) 
r(k - 1)E^ + (rk - 2k + r)Eg 
Ey = inter-block error mean square, and 
Eg = intra-block error mean square. 
Comstock and Moll (1963) have shown that genotype x loca­
tion effects and genotype x year effects are often relatively 
small compared to genotype x location x year effects. There­
fore, all environments were considered random in this study, 
and the data were combined over all environments without par­
titioning out years or locations. Also, considering locations 
and years as environments simplified the combined analysis 
because there were two locations in 1974 and three locations 
in 1975. The following model was used in the combined 
analysis : 
where 
^ I j k t  - n + E4, + «zy + ®i/fe + Vf + + H j k t  
^^iki ™ observed value of the ijkZ plot, 
m = observed mean over all replications and 
environments, 
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E- = effect of the environment, ^  = 1, . . 
5 (experiment 11) and X = 1, 2 (experiment 
12). 
fV 
R - - = effect of the j replication within the 
^th environment, / = 1, 2, 3, 
B. ., = effect of the fe incomplete block within 
the yth replication in the .tth environment 
fe = 1, . . ., 9, 
= effect of the entry, 1 = 1 ,  .  .  ., 72, 
(VE) . » = interaction effect of the environment 
^ with the £.th entry, and 
e - kp = the intra-block error associated with the 
âjkfth plot. 
The combined analysis of variance, computed with adjusted 
entry means, is shown in Table 4. This analysis can be com­
puted from the above model. 
The adjusted treatment means for all traits measured, 
obtained from the individual and combined analysis, were used 
to make several orthogonal partitions of the sums of squares. 
The 72 entries within the experiments were first partitioned 
into a group of 32 entries, which involved trend comparisons, 
and a group of 40 entries, which involved population crosses, 
population x inbred crosses, and single crosses. This parti­
tion was made because different error terms were associated 
with each group. The 32 entries and 40 entries will hereafter 
be referred to as the "trend group" and "tester group," re­
spectively. The trend group was further subdivided into five 
groups. The groups are as follows; (1) Kolkmeier Cq to C^, 
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Table 4. Combined analysis of variance of a triple 
rectangular lattice over several environments 
Source d.f. E(MS) 
_ 2 2 2 2 
Environments (env. ) (e-1) a + va^yg + + rvog 
2 2 
Replications/env. e(r-l) a + vo^yg 
Entries (ent.) 
Unadjusted (k^+k-1) + reK^ 
Adjusted 
Block/reps./env. erk 
Env. X Ent. 
Unadjust 
Adjusted 
ed (e-1)(k^+k-1) 
Pooled error 
RCBD e(r-l)(k^+k-l) 
Effective e(r-l)(k^-l)-k 
Total er(k^+k-l)-l 
'^e = number of environments, 
r = number of replications, and 
k = number of entries per incomplete block. 
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(2) Lancaster Cq to C^, (3) Kolkmeier x Lancaster population 
crosses (CQ X CQ to C^ x C^), (4) Kolkmeier CQ to C^ x Hy, and 
(5) Lancaster Cq to C^ x Hy, 
The relationship within each group between cycles of 
selection and performances for the 32 entries was investigated. 
Estimates of regression coefficients for two models (linear 
and quadratic) were obtained to determine the relative rate of 
change for each trait for each cycle of recurrent selection. 
The two regression models were fitted to the adjusted entry 
means of the individual environments and to the adjusted entry 
means over all environments. The linear regression model is 
given as: 
where 
Y. - = adjusted mean of the -t~" population per se, 
J ^th population cross (CQ x CG, . . ., C5 x 
C5) , or -cth testcross in the cycle (/ = 
0, . . ., 5), 
m- = predicted value for the CQ, CQ X CQ, or 
tester x CQ of the /C^h population, 
b. = linear regression coefficient, 
Cy = cycle of selection (/ = 0, . . .,5), and 
e - • = deviation from regression. 
A quadratic regression model was fitted to the data to deter­
mine if the changes per cycle were nonlinear. The quadratic 
coefficients were obtained by squaring the linear coefficients. 
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This model can be expressed as: 
where 
Y. . = adjusted mean of the population per se, 
^ ^th population cross (CQ X CQ, . . ., C5 x 
C5) , or /cth testcross in the jth cycle (j = 0, 
• • •, 5), 
m- = predicted value for the CQ, CQ X CQ, or tester 
X CQ of the ^ th population, 
by = linear regression coefficient, 
bg = quadratic regression coefficient, 
Cy = cycle of selection (i = 0, . . .,5), 
C. = y cycle of selection squared (i = 0, . . 
^ 25), and 
e - -  =  d e v i a t i o n  f r o m  r e g r e s s i o n .  
From these regression models the linear, quadratic, and devia­
tion sums of squares were calculated for each of the 5 
groups. This made it possible to check these three mean 
squares for significance within each group. 
An individual analysis for the trend group was performed 
on the plot means in each environment to obtain an error term 
for the 32 entries. The pooled error term for the combined 
analysis (Table 5) was calculated by adding the error sums of 
squares and degrees of freedom of the individual analyses. 
Likewise, the replication within environment source of varia­
tion was calculated by adding the sums of squares and degrees 
of freedom for the replication source of variation of the 
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Table 5. Analysis of variance for a given character combined 
over all environments 
Source d.f. E(MS) 
Environments (env.) (e-1) a2 + ^ OR/E + ro VxE + 
Replications/env. e(r-l) a2 + 
^^R/E 
Entries (ent.) (v-1) a2 + 
^^ExV re 4 
K^ (a-1) + 
'"LK 
+ 
K£(linear) 1 + 
^^ExKZ + 
Kq(quadratic) 1 a2 + 
^^ExKq + 
Kj(deviations) (a-3) a2 + + 
L (b-1) a2 + + reK^ 
1 a2 + f°ExLf + 
1 + 
^^ExLq 
+ 
(b-3) + + 
KL (c-1) a2 + ^ ®ExKL + 
KL^ 1 + 2 
^^ExKLZ 
+ 
KL, 1 a2 + 2 
^^ExKLQ + 
KLj (c-3) + 2 
^^ExKLd + 
K = Kolkmeier C^, 
L = Lancaster C^, 
KL= Kolkmeier C x Lancaster C , 
n n 
HK= Hy X Kolkmeier C^, and 
HL= Hy X Lancaster C, 
n 
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Table 5. (continued) 
Source d.f. E(MS) 
HK (d-1) a2 + 
^^ExHK 
+ 
HK^ 1 a2 + 2 
^^ExHKZ 
+ 
HK, 1 a2 + 2 
^^ExHKq 
+ 
HK^ (d-3) a^ + 2 
^^ExHKd + 
HL (f-1) a2 + 
^^ExHL 
+ 
HL^ 1 2 a + 2 
^°ExHL£ + 
HL, 1 + 2 
^^ExHLç + 
HLrf (f-3) + 2 
^^ExHLd + 
Among Groups 
Env. X Ent. (e-l)(v-l) 2 2 
^ ^^ExV 
Env. X K (e-l)(a-l) a" + 
Env. X (e-1) 2 a + 
Env. X (e-1) 2 a + 
Env. X (e-l)(a-3) a2 + 
Env. X L (e-l)(b-l) o2 + 
Env. X H  (e-1) 
2 
a  4-
Env. X \ (e-1) + 
Env. X (e-l)(b-3) o2 + 
Env. X KL (e-l)(c-l) o2 + 
Env. X KL^ (e-1) 2 a + 
Env. X KL q  (e-1) 
2 
a + 
Env. X 
^d (e-l)(c-3) 
2 
a + 
ra 2 ExK 
^^ExKe 
^^ExKç 
2 
ra ExKd 
ra. 
ra, 
rai 
'ExL 
P -
'ExL£ 
;2 
ExLq 
^^ExLd 
^^ExKL 
2 
'EXKL£ 
ra^ 
^^ExKLq 
2 
ExKLd 
ra. 
ra 
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Table 5. (continued) 
Source d.f. E (MS) 
Env, X HK (e-l)(d-l) 2 a  + 2 
^^ExHK 
Env. X HK^ (e-1) 2  a  + 2 
^^ExHKe 
Env. X HK Q (e-1) 
2  
o  + 
2 
^^ExHKq 
Env. X HK , 
a  
(e-l)(d-3) + 2 
^'^ExHKd 
Env. X HL (e-l)(f-l) 2  o  + 
^^ExHL 
Env. X HL^ (e-1) 2  a  + 2 
^^ExHL£ 
Env. X HL^ (e-1) a '  + 2 
^^ExHLq 
Env. X HLJ (e-l)(f-3) + 2 
^^ExHLd 
Env. X Among Groups 4(e-l) 
Pooled Error e(r-l) (v-1) 2  a  
Total erv-1 
individual analyses. The sums of squares for the environ­
ments, entries, and environments x entries were calculated 
from the adjusted entry means of the lattice analysis in each 
environment and were multiplied by three to make them compara­
ble with the pooled error sums of squares. 
The sums of squares for the partitions of the main 
effects for entries (Table 5) were calculated by using the 
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adjusted means over all environments. These sims of squares 
were multiplied by 15 and 6 in Studies 11 and 12, respective­
ly, to make them comparable with the environments, entries, 
environments x entries, and pooled error sums of squares. 
Interactions of these partitions with environments were calcu­
lated by adding the sums of squares from the individual anal­
yses and then subtracting the sums of squares for the corre­
sponding source from the combined analysis. In Study 11, for 
example, the environments x Kolkmeier linear interaction was 
calculated by adding the Kolkmeier linear sums of squares from 
the 5 individual analyses and then subtracting the Kolkmeier 
linear sums of squares from the combined analysis. 
In Studies 11 and 12 the pooled error was used to test 
the interaction of the environments x entries and the parti­
tions of the interaction for each trait. The partitions of 
the main effects for entries were tested by the pooled varia­
tion of environments x within groups. This test was made be­
cause most of the environments x entries variation was con­
tributed by environments x among groups source. The pooled 
variation of environments x within groups was obtained by 
subtracting the sums of squares of environments x among groups 
from the sums of squares of environments x entries and then 
dividing by the appropriate degrees of freedom. If the 
sources of variation of both environments x entries and 
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environments x among groups were not significant, the pooled 
error was used to test the main effects for entries and the 
partitions of entries. 
The individual analysis for the tester group was per­
formed on plot means in each environment to obtain an error 
term for the 40 entries. The combined analysis over environ­
ments for the tester group was performed on the adjusted entry 
means of the lattice analysis in each environment. The com­
bined analysis over environments is shown in Table 6. The 
pooled error term and the replication within environment 
source of variation were calculated by pooling the sums of 
squares and degrees of freedom from the appropriate source of 
the individual analyses. The sums of squares for the environ­
ments, entries, and environments x entries were calculated 
from the adjusted entry means of each environment and were 
multiplied by three to make them comparable with the pooled 
error sums of squares, 
The tests of significance for the mean squares of the 
entries were made by using the mean squares of the environ­
ments X entries when this interaction was significant. The 
test of significance for the interaction was made by using the 
pooled error. 
Comparisons of means for all traits in the tester group 
were tested by using the least significant difference 
(L.S.D.) 
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Table 6. Analysis of variance for a given character combined 
over all environments 
Source d.f. E(MS) 
Environment s (env.) (e-1)* .2 + ^
"R/E + '^"VKE + ""E 
Replications/env. e(r-l) + 
^^R/E 
Entries (ent.) (v-1) <,2 + f^VxE 
Env. X Ent. (e-l)(v-l) + r*VxE 
Pooled Error e(r-l)(v-1) .2 
Total erv-1 
^e = number of environments, 
r = number of replications, and 
V = number of entries. 
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The L.S.D.'s among means were calculated by using the formula: 
lsd(«>, d.f.) = t(™, d.f.) 
where 
t(m, d.f.) = tabular t value for the appropriate 
level of significance and degrees of 
freedom, 
2 S = an estimate of the error variance with­
in the tester group, and 
r = number of observations going into the 
variety means. 
This assumes that each variety mean within the tester group 
2 has the same variance, S . Least significant differences were 
calculated at the 0.05 and 0.10 levels of significance. Re­
cently, Carmer (1976) suggested that, when making pairwise, 
multiple, mean comparisons in performance trials with the 
L.S.D. test, lower levels of significance should be used. 
Because the material in the tester group was hybrid material 
and was tested in the manner of yield performance trials, I 
chose to use » = 0.05 and » = 0.10 as significance levels. 
2. Phenotvpic correlations 
A simple, phenotypic correlation was calculated between 
grain yield and each plant and ear trait as cycles of selec­
tion progressed (C^ to C^). Phenotypic correlations were cal­
culated according to the following formula: 
r = 
P^XY" [^ 2 
Y ^Phjç Phy 
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where 
r , = phenotypic correlation coefficient of traits 
X and Y, 
Cp, = covariance of traits X and Y, 
fnxY 
Sp^ = mean square for trait X, and 
Gph = mean square for trait Y. 
3. Estimation of inbreeding depression 
In the recurrent selection program that is being evalu­
ated, for each variety, 5 lines were recombined in the 
first cycle of selection and 10 lines were recombined in 
all subsequent cycles. The amount of inbreeding depression 
was estimated for each population of the Kolkmeier and 
Lancaster varieties by using the following recurrence formula 
from Falconer (1960): 
1 1 
^t " (2N + 1) (2N + 1)^ ^t-l' 
where 
ttl 
F = inbreeding coefficient in the t genera­
tion, and 
N = effective population size. 
4. Expected gain from selection 
The expected gain from selection for yield was calculated 
for the Kolkmeier and Lancaster varieties by the use of test-
cross variance components. The following general formula was 
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used: o 
ka^, 
AG = =-
where 
VÉ + É 
V rm m 
ÇrT"72 + -2 
_ge g 
AG = genetic advance for yield, 
k = standardized selection differential, 
O 
a 1= portion of the genetic variance among half-sib 
^ progenies due to additive effects, 
-2 
= error variance, 
2 
= genotype x environment interaction variance, 
2 Og = genetic variance among half-sib progenies, 
r = number of replications, and 
m = number of environments. 
An estimate of ôg, was used as the portion of genetic 
variance due to additive effects, i.e., the additive genetic 
variance. 
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IV, RESULTS AND DISCUSSION 
A. Study 11: Experiments 40511, 40611, 40811, 50511 and 50811 
A summary of testing procedures, estimates of variance 
components, and predicted gains for yield from recurrent selec­
tion for specific combining ability in the Kolkmeier and 
Lancaster varieties are shown in Table 7. The variance compo­
nent estimates were calculated from the testcross performances 
of half-sib progenies, with inbred Hy as a common tester. The 
selection intensities ranged from 9% to 15% for different popu­
lations. In the numerator of the prediction formula, an esti-
^ 9 
mate of 0^,, i.e., the portion of genetic variance due to addi­
tive effects, was used. This conservative estimate was used 
because the portion of genetic variance due to additive effects 
in half-sib recurrent selection with an inbred line tester has 
not been worked out. The average predicted gain per cycle was 
6.0 q/ha in the Kolkmeier populations and 4.1 q/ha in the 
Lancaster populations. In general, higher predicted gains are 
2 
a result of either higher estimates of Og or lower estimates of 
2 2 
a and a . In the case of the Kolkmeier populations, the ge e 
higher predicted gains are mainly a result of the higher esti-
o 2 
mates of The estimate of Og for the Kolkmeier C2 popula­
tion, however, may be inflated because only one environment was 
used to evaluate the testcrosses. The predicted gains indicate 
that more progress should be obtained in the Kolkmeier than in 
the Lancaster variety. 
Table 7 . Summary of testing procedures, estimates of variance components, and pre 
dieted gains from recurrent selection for specific combining ability for 
grain yield (q/ha) 
No. Reps. No. of 
of per test- Variance component estimates Predicted 
Population trials trial crosses ^ ^2 ^2 gain 
® g6 8 
Kolkmeier - - - — — — - - - -
Kolkmeier 2 3 98 23.5il.7 42.7±7 .5 9. 8±5 .4 2.9 
Kolkmeier C 1 3 9'j 108.1±11.0 - - 49.7±9 ,9 9.2 
Kolkmeier G 4 3 103 65.6±3.2 46.2±4 .7 32.1±6, ,1 8.0 
Kolkmeier <=4 4 2 86 32.5±2.5 20.8±2 .2 10.4±1, .3 3.9 
Lancaster =0^ mm m w «m » •• m* #» m — — — — 
Lancaster (=1 2 3 108 60.3±4.1 35.7±6. 2 36.0±7. 7 8.1 
Lancaster C 2 3 84 58.0±4.5 20.6±4. 3 8.7^3, 3 2.7 
Lancaster C 4 3 6:5 35.0±2.2 19.8±2. 6 3.5±1. 3 1.6 
Lancaster G 3 2 89 28.8±2.5 34.3±3. 8 11.6±5. 3 3,8 
*Data were not available for the original populations. 
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Table 8 shows the observed grain yields, grain yields 
when corrected for inbreeding depression, and the predicted 
grain yields for the populations per se in the recurrent selec­
tion program. The mean yields over 5 environments (Study 11) 
were corrected for inbreeding depression by dividing the ob­
served yields for each population by one minus the inbreeding 
coefficient. This is an over-adjustment because it assumes 
that the population yield is zero at F=l. At the low levels 
of F used, however, the error would be small. The predicted 
yields of the Cg populations were calculated by adding the 
predicted gains from the populations to the observed yield 
of the populations per se. The prediction formula over­
estimated the yield gain when compared to the actual yields 
observed in the 1974 and 1975 yield evaluations of the popula­
tions per se. Inbreeding depression effects cannot be ruled 
out and may be a factor in the yields observed. In both vari­
eties, estimates of inbreeding depression were 25% for the 
population. When the actual yields were adjusted for the esti­
mated inbreeding depression in each cycle, the overestimâtion 
was considerably less and the corrected yields approximated 
the predicted yields. 
The general, environmental conditions at each test loca­
tion will be discussed briefly for Study 11, and the discus­
sion on conditions for the Agronomy Farm in 1974 and 1975 will 
also apply to the plant and ear trait study (Study 12). At the 
Agronomy Farm (Experiment 40511) and Martinsburg (Experiment 
40811) in 1974, drought and heat stress occurred in July 
Table 8 . Observed grain yields, grain yields corrected for inbreeding, and the 
predicted grain yields (q/ha), Study 11 
Population 
Inbreeding 
coefficient 
Mean yield of the populations per se 
Observed Corrected for inbreeding 
Predicted 
Yield 
Kolkmeier Cg* .00 48.5 48.5 — — 
Kolkmeier .09 40.1 44.1 
Kolkmeier Cg .13 43.9 50.5 43.0 
Kolkmeier .17 45.3 54.6 52.2 
Kolkmeier .21 49.7 62.9 60.2 
Kolkmeier .25 47.5 63.3 64.1 
Lancaster Cg* .00 47.0 47.0 — — 
Lancaster .09 46.7 51.3 — -
Lancaster Cg .13 46.6 53.6 54.8 
Lancaster .17 45.9 55.3 57.5 
Lancaster .21 42.3 53.5 59.1 
Lancaster .25 43.1 57.5 62.9 
^Predicted yields of the populations could not be estimated because the 
data were not available. 
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before pollination. Also, in both environments, root lodging 
occurred in late August. These conditions probably had some 
depressing effects on yields. The Atomic Energy site (Ex­
periment 40611) was planted late, and, therefore, it missed 
the stress periods that occurred at the other 2 environments 
in 1974. However, for some of the entries at the Atomic 
Energy site, an early frost on September 22 affected growth 
before grain filling was complete. Again in 1975, drought and 
heat stress occurred in July before pollination at the 
Agronomy Farm (Experiment 50511) and Martinsburg (Experiment 
50811) and may have had depressing effects on yields. At 
these locations, root lodging occurred in early September, but 
probably did not have an ultimate effect on yields. The high­
est and lowest yielding environments in this study occurred in 
1974 at the Agronomy Farm and Atomic Energy sites, respective­
ly. 
The entry means of the individual experiments and the 
means combined over the 5 environments are reported in the 
Appendix in Tables 24 and 25, respectively. The analyses of 
variance for individual experiments and the combined analyses 
of variance for the lattice design are shown in the Appendix 
in Tables 26 and 27, respectively. Highly significant dif­
ferences among entries were obtained for yield, moisture, root 
lodging, and stalk lodging in each environment and for the 
data combined over 5 environments. In the combined analyses, 
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highly significant environments x entries interactions were 
noted for the four traits, but, in each instance, the contri­
bution to the total variation by the main effects of entries 
was considerably greater than it was by the interactions. The 
coefficients of variation from the combined analyses for grain 
yield, moisture percentage, root lodging, and stalk lodging 
are 9.7%, 5.0%, 57.4%, and 59.2%, respectively. 
The analyses of variance for grain yield, moisture per­
centage, root lodging, and stalk lodging for the Kolkmeier and 
Lancaster populations per se, the population crosses, and the 
populations in testcross with inbred Hy are shown in the ap­
pendix in Tables 28 to 31. These analyses of variance will 
be referred to as the "trend analyses" and involved 32 entries 
from the original lattice design. The population crosses 
(Kolkmeier x Lancaster C^) were a significant part of this 
study; therefore, duplicate entries of the Cg x Cq and x 
crosses were used to enhance the precision of the first and 
final cycles. The effects for entries and environments x 
entries interactions were highly significant (P ^ 0.01) for 
all agronomic traits measured; however, the relative magni­
tudes of the mean squares of entries were much greater than 
that of the interactions (Tables 28 to 31). Most of the vari­
ation of environments x entries was accounted for by environ­
ments X among groups (d.f. = 16). Therefore, in the partition 
of the main effects for entries, F values were obtained by use 
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of the pooled variation of environment x within groups (the 
variation of environments x entries minus the variation of 
environments x among groups ; d,f. = 108) in the denominator. 
This seemed a logical procedure because few of the partitioned 
environment x within group interactions were significant. 
The relationships between cycles of selection and changes 
in grain yield, moisture percentage, root lodging, and stalk 
lodging were investigated by the use of regression analysis. 
Because duplicate entries of the CQ X CQ and x popula­
tion crosses were used, the endpoints in the regression analy­
sis were weighted more than the intermediate points. Linear 
and quadratic regression models were fitted to yield and to 
other agronomic data for the populations per se, population 
crosses, and populations in testcrosses with Hy. The data 
were first fitted to a quadratic model to determine if curvi­
linear responses for yield and other traits were present. The 
data were next fitted to a linear model. Although the linear 
model explained most of the variation for grain yield (Table 
28), the sources of variation due to quadratic effects for all 
agronomic traits are shown in the Appendix in Tables 28 to 31. 
The regression coefficients for the quadratic and the linear 
models are shown in Tables 9 and 10, respectively. 
When the linear model was used, the coefficient of deter-
2 
mination (R ) for grain yield, that was averaged over the popu­
lations per se, population crosses, and the populations in 
Table 9 . Linear and quadratic regression coefficients and predicted values (CQ) 
of 4 agronomic traits for the Kolkmeier and Lancaster populations per se, 
the Kolkmeier Cn x Lancaster Cn population crosses, and the populations 
in hybrids with the Hy tester 
Yield Moisture Lodging 
q/ha % Root % 
Stalk 
% 
K\ -2.26+1.599 0.59+0.31* (46.02) 
1.27+0.29 
-0.27±0.06 (27.64) 
-11.82+2.38 
1.86+0.46 (30.49) 
1.35+2.16 
-0.03+0.42 (11.18) 
-0.18+1.59 
-0.15±0.31 (47.14) 
-0.27±0.29 
0.03+0.06 (22.68) 
-2.58+2.38 
0.39±0.46 (19.53) 
-6.32+2.16 
1.16±0.42 (30.11) 
K C X L C„ 
n n 
3.5311.59 
-0.22+0.31 (59.32) 
-0.01±0.29 
-0.04+0.06 (25.12) 
-9.40+2.38 
1.71±0.46 (23.97) 
-0.17±2.16 
0.14+0.42 (17.27) 
Hy X K 3.42±1.59 
-0.13+0.31 (62.74) 
0.20+0.29 
-0.09±0.06 (26.36) 
-5.05±2.38 
0.90+0.46 (22.22) 
-2.62±2.16 
0.70+0.42 (11.46) 
Hy X L 3.56±1.59 
-0.27±0.31 (66.28) 
-0.45+0.29 
0.04+0.06 (24.60) 
-4.89+2.38 
0.92±0.46 (14.57) 
-1.51+2.16 
0.17±0.42 (15.68) 
^Predicted values for Cq in parentheses. 
^Kolkmeier. 
^Linear regression coefficients. 
^Quadratic regression coefficients. 
^Lancaster. 
Table 10. Linear regression coefficients and predicted values (CQ) of 4 agronomic 
traits for the Kolkmeier and Lancaster populations per se, the Kolkmeier 
Cn X Lancaster Cn population crosses, and the populations in hybrids with 
the Hy tester 
Yield Moisture Lodging 
q/ha % Root % 
Stalk 
% 
0.72+0.45 
(44.03) 
-0.09±0.08 
(28.55) 
-2.53±0.68 
(24.30 
1.21±0.61 
(11.27) 
-0.95+0.45 
(47.65) 
-0.11+0.08 
(22.57) 
-0.61+0.68 
(18.22) 
0.53+0.61 
(26.25) 
K C X L C_ 
n n 
2.45+0.45 
(59.86) 
-0.19±0.08 
(25.22) 
-0.87±0.68 
(19.71) 
0.56±0.61 
(16.91) 
Hy X K 2.75±0.45 
(63.19) 
-0.28+0.08 
(26.68) 
-0.56±0.68 
(19.22) 
0.86+0.61 
(9.14) 
Hy X L 2.23±0.45 
(67.19) 
-0.23±0.08 
(24.45) 
-0.28+0.68 
(11.50) 
•0.67+0.61 
(15.12) 
^Predicted values for Cq in parentheses. 
^Kolkmeier. 
^Lancaster. 
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2 
testcrosses with Hy, were equal to 68.8%. Similarly, the R 
values for moisture percentage, root lodging, and stalk lodg­
ing were 34.8%, 15.0%, and 25.5%, respectively. 
The quadratic regression coefficients for grain yield of 
the Kolkmeier and Lancaster populations per se, the Kolkmeier 
X Lancaster population crosses, and the Kolkmeier and 
Lancaster populations in testcrosses with the inbred line, Hy, 
were not significant (Table 9); therefore, a linear interpre­
tation of the yield data will be given. The quadratic regres­
sion coefficient for the Kolkmeier population per se, however, 
approached significance. This quadratic trend indicated that 
there may be a dip downward in the curve at the Kolkmeier 
and C2 populations per se. 
Neither the Kolkmeier nor the Lancaster populations per se 
showed significant, positive changes in grain yield (Table 10, 
Figure 1). The Lancaster population per se showed approxi­
mately 1 q/ha per cycle decrease. The nonsignificant change 
in the Kolkmeier population per se and the significant, negative 
change in the Lancaster population per se may have been caused 
by the effects of inbreeding depression. Although recurrent 
selection accumulated favorable dominant alleles that affected 
yield, as will be shown in other parts of the study, homozy­
gous, deleterious genes that cause inbreeding depression also 
may have accumulated. 
Rates of gain per cycle were 2.75 ± 0.45 q/ha for Hy x 
Figure 1. Average yield response for the Kolkmeier and 
Lancaster populations per se for 5 cycles of 
recurrent selection for specific combining 
ability 
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Kolkmeier and 2.23 ± 0.45 q/ha for Hy x Lancaster C^, which 
were both highly significant (Tables 10 and 28, Figure 2). 
These gains indicated that the recurrent selection program has 
been successful in increasing the frequencies of favorable 
alleles at those loci affecting yield. It seems that no rela­
tionship existed between the yields of the cycles of the 
populations per se and testcrosses of the populations. This 
is further evidence that the observed yields of the popula­
tions per se have been affected by inbreeding depression. 
The population crosses, Kolkmeier x Lancaster C^, had 
a rate of gain per cycle of 2.45 ± 0.45 q/ha (Table 10, Fig­
ure 3). Most of the variation among the population crosses 
was explained by the linear regression model (R = 91.1%). 
The contribution of each population to the population cross 
can be measured by comparing mean values of certain crosses 
(Table 11). The improvement in yields of the population 
crosses (CQ X CQ to x C^) was 13.0 q/ha. An estimate of 
the contribution to the improvement of the population cross 
made by the Kolkmeier variety can be measured by averaging the 
difference between the Kolkmeier CQ X Lancaster CQ and the 
Kolkmeier C^ x Lancaster Cq population crosses with the dif­
ference between the Kolkmeier CQ X Lancaster C^ and the 
Kolkmeier C^ x Lancaster C^ population crosses. Similarly, 
the average contribution of the Lancaster variety to the popu­
lation crosses can be estimated. The contributions of the 
Figure 2. Average yield response for Kolkmeier and 
Lancaster testcrosses for 5 cycles of re­
current selection for specific combining 
ability 
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Figure 3. Average yield response for Kolkmeier x 
Lancaster population crosses for 5 
cycles of recurrent selection for specific 
combining ability (*CQ X CQ to x C^) 
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Table 11. Mean values of agronomic traits over 5 environments 
for some selected population crosses 
Lodging 
Entries 
Yield 
q/ha 
Moisture 
% 
Root 
% 
Stalk 
% 
KOLK CQ X LANG =0 58.9 24.9 24.0 18.5 
KOLK Cq X LANG S 67.4 24.2 22.9 14.7 
KOLK X LANG Co 65.8 24.4 25.2 22.0 
KOLK C5 X LANG C5 71.9 24.4 19.9 19.7 
LSD(.IO) 3.8 .8 5.3 4.5 
LSD(.05) 4.5 1.0 6.3 5.4 
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Kolkmeier and Lancaster varieties were 5.7 q/ha (44%) and 
7.3 q/ha (56%), respectively. The rates of gain observed for 
the population crosses (CQ X CQ to x C^) indicated that the 
recurrent selection program has "been successful in changing 
gene frequencies at those loci that have genes with only addi­
tive effects and at loci that have partial or complete domi­
nance . 
Significant quadratic regression coefficients (Table 9) 
were observed for: moisture percent of the Kolkmeier popula­
tion per se; and percent root lodging of the Kolkmeier popula­
tion per se, of the Kolkmeier x Lancaster population 
crosses, and of the Hy x Lancaster testcrosses. Signifi­
cant linear regression coefficients (Table 10) were observed 
for: moisture percent of the Kolkmeier C x Lancaster C 
n n 
population crosses, and of the Hy x Kolkmeier and Hy x 
Lancaster testcrosses; root lodging of the Kolkmeier popu­
lation per se; and stalk lodging of the Kolkmeier population 
per se. Although significant changes in moisture percent were 
observed, they were probably not of a magnitude that would 
have practical significance. The negative, linear trends 
for root lodging indicated that some progress had been made 
in improvement in root strength. The percent root lodging in 
the Kolkmeier population per se was reduced approximately 13% 
in 5 cycles of selection. A significant change in percent 
stalk lodging was observed in the Kolkmeier population per se. 
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and indicated a 6% increase in 5 cycles of selection. Evi­
dently, stalk quality deteriorated in the Kolkmeier popula­
tions and improved very little in the Lancaster populations. 
The changes observed in moisture percent, root lodging, and 
stalk lodging probably had little relationship to the yield 
changes noted. 
The remaining 40 entries from the original lattice design 
were analysed to obtain an independent estimate of error to 
use in mean comparisons. These analyses are shown in Table 12 
and will be referred to as the "tester analyses." In these 
analyses, the environments x entries source of variation was 
highly significant (P - 0.01) for all traits and was used in 
testing the source of variation of entries and in calculating 
the L.S.D.s. The relative magnitudes of the mean squares of 
entries were much greater than that of the environments x 
entries interactions. 
Mean yields over 5 environments for the original (CQ) and 
most improved (C^) populations of the Kolkmeier and Lancaster 
varieties that were in testcrosses with the inbred lines. Hy, 
B14A, B73, and Mol7, are shown in Table 13. The Kolkmeier 
populations in testcrosses with B14A and Mol7 exhibited dif­
ferences similar to the tester, Hy (Figure 4). With B73, how­
ever, testcrosses of the Kolkmeier populations were not dif­
ferent. Similar results were found when the Lancaster 
populations were in testcrosses with the same inbred lines 
Table 12. Combined analyses of variance for agronomic traits over 5 environments 
Mean squares 
Moisture Lodging 
Source d.f. Yield 7o Root Stalk 
Environments (env.) 4 6,772.81 2,022. ,85 26,984.43 6,376.57 
Replications/env. 10 339.77 13, ,56 688.51 358.82 
Entries (ent.) 39 1,476.33** 35. 53** 690.89** 672.43** 
Ent. X Env. 156 78.67** 3. 85** 155.80** 113.95** 
Pooled Error 390 46.27 1. 13 99.25 62.37 
Total 599 
^^Significant at the .01 level. 
65 
Table 13. Mean values of agronomie traits over 5 environments 
Lodging 
Yield Moisture Root Stalk 
Entries q/ha % % % 
HY X KOLK Cq 63.7 25.9 24.7 12.5 
HY X KOLK C5 75.8 25.2 19.7 15.5 
HY X LANC Cq 67.9 24.4 16.5 17.7 
HY X LANC C^ 76.8 23.5 12.6 12.3 
B14A X KOLK Cq 65.5 22.3 9.3 4.7 
B14A X KOLK C^ 79.0 22.2 4.6 4.4 
B14A X LANC Cq 73.7 20.7 9.1 5.9 
B14A X LANC C5 76.7 20.4 3.5 4.5 
B73 X KOLK Cq 84.6 24.1 18.9 3.7 
B73 X KOLK C^ 86.0 24.7 15.3 5.3 
B73 X LANC Cq 83.5 22.3 19.1 8.7 
B73 X LANC CL 82.7 22.5 11.6 6.6 
M017 X KOLK Cq 72.9 24.7 15.1 7.1 
M017 X KOLK C5 78.7 25.1 15.7 8.0 
M017 X LANC Cq 72.1 23.2 8.3 17.4 
M017 X LANC C5 79.8 22.3 13.8 12.9 
ALPH Cq X KOLK CQ 47.6 24.6 25.6 18.3 
ALPH Cq X KOLK C^ 63.9 23.4 24.8 24.5 
ALPH Cq X LANC CQ 53.6 22.4 25.5 19.9 
ALPH Cq X LANC C^ 60.5 21.5 18.5 21.2 
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Table 13. (continued) 
Yield 
Entries q/ha 
ALPH C3 X KOLK Cq 69.9 
ALPH C5 X KOLK C5 79.3 
ALPH C5 X LANC Cq 65.4 
ALPH C5 X LANC C^ 75.7 
BSSS X LANC Cq 67.4 
BSSS X LANC C5 73.9 
BSSS(HT)Cy X LANC Cq 82.5 
BSSS (HT) C^ X LANC C 5 81.5 
M017 X BSSS 83.1 
M017 X BSSS(HT)C^ 87.0 
B14A X ALPH Cq 72.3 
B14A X ALPH C5 80.8 
B73 X ALPH Cq 70.6 
B73 X ALPH C5 86.4 
M017 X ALPH Cq 69.2 
M017 X ALPH C5 80.5 
KOLK Cn X KOLK C,^ 63.1 
LANC Cq X LANC C^ 55.2 
HY X M017 74.5 
B73 X M017 92.3 
LSD(.IO) 5.3 
LSD(.05) 6.3 
Lodging 
Moisture Root Stalk 
% % % 
25.7 27.3 16.3 
25.6 26.2 18.1 
23.6 18.7 26.7 
22.9 19.9 14.2 
23.4 18.9 15.1 
23.1 10.6 11.8 
23.5 19.9 11.7 
22.4 14.6 8.5 
23.7 6.8 6.7 
23.1 6.5 3.4 
19.1 8.9 9.4 
20.9 8.4 4.0 
22.0 13.0 9.0 
22.7 17.4 5.8 
23.0 11.1 12.3 
24.3 16.2 13.5 
26.8 25.7 15.5 
22.1 11.6 23.8 
24.7 12.8 6.4 
22.1 10.6 4.2 
1.2 7.5 6.4 
1.4 8.9 7.6 
Figure 4. Mean yields over 5 environments for Kolkmeier 
populations in hybrids with 4 inbred line 
testers (*, **Significant at .10 and .05 
levels, respectively) 
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(Figure 5). Although the B14A tester did not show a signifi­
cant difference between Lancaster Cq and C^, the trend indi­
cated that the B14A x Lancaster Cq testcross was lower yield­
ing than the B14A x Lancaster C^. 
Topcrosses of the Kolkmeier and Lancaster populations 
with the Cq and C^ populations of Alph indicated differences 
similar to those exhibited by the inbred line tester, Hy (Fig­
ure 6). The topcrosses involving the Alph Cq population 
averaged 56.4 q/ha, while those involving the Alph C^ popu­
lation averaged 72.6 q/ha. The comparisons of Alph CQ X 
Kolkmeier CQ with Alph C^ x Kolkmeier C^ and of Alph CQ X 
Lancaster CQ with Alph C^ x Lancaster C^ showed significant 
differences of 31.7 q/ha and 22.1 q/ha, respectively. These 
differences reflect the successful accumulation of favorable 
alleles in the improved populations of these varieties. VJhen 
the average contribution of each variety was measured, the 
Kolkmeier contributed 12.9 q/ha (41%) and the Alph contributed 
18.8 q/ha (59%) to the Alph x Kolkmeier crosses. Similarly, 
the Lancaster variety contributed 8.6 q/ha (39%) and the Alph 
variety, 13.5 q/ha (61%) to the Alph x Lancaster crosses. 
Except for the B73 inbred line tester, the differences 
in yield among different testcrosses and topcrosses were simi­
lar. Therefore, it seems that the changes in gene frequencies 
have been mainly at those loci that have alleles with only 
additive effects and at loci that have alleles with partial to 
Figure 5. Mean yields over 5 environments for Lancaster 
populations in hybrids with 4 inbred line 
testers (**Significant at .05 level) 

Figure 6. Mean yields over 5 environments for Kolkmeier 
and Lancaster populations in hybrids with 
broad-base testers (**Significant at .05 
level) 
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complete dominance. Evidently, B73 has a relatively high 
frequency of favorable alleles affecting yield, and when used 
as a tester for the Kolkmeier and Lancaster populations, it 
"masked" the lower gene frequencies, i.e., it covered up the 
effect of deleterious, recessive alleles in the Cq popula­
tions . 
The original (CQ) and an improved population (CY) of Iowa 
Stiff Stalk Synthetic, BSSS, were crossed to Lancaster Cq and 
Cg populations. BSSS x Lancaster Cq was significantly dif­
ferent in yield from BSSS x Lancaster C^ (Figure 7). 
BSSS(HT)Cy X Lancaster Cq, however, was not different from 
BSSS(HT)Cy X Lancaster C^, a similar response to the one noted 
earlier for the B73 testcrosses. Yields of Lancaster Cq and 
C^ in testcrosses with BSSS(HT)C^ were similar to yields in 
testcrosses with B73 (Table 13). B73 was developed from 
BSSS(HT)C^ and its S^ parent was one of 10 S^ lines recom-
bined to produce BSSS(HT)Cg. The loci in B73 and BSSS(HT)Cy 
that contributed to yields of the testcrosses of Lancaster Cq 
and C^ may have similar gene frequencies. 
Yields of the Cq and the C^ populations of Alph in test-
crosses with B14A, B73, and Mol7 are shown in Figure 8. Alph 
is an open-pollinated variety that was improved for 5 cycles 
of selection for grain yield by the use of the tester, B14, 
(Russell et al., 1973). The differences for yield between the 
testcrosses of the Cq and C^ populations were highly 
Figure 7. Mean yields over 5 environments for Lancaster 
populations in hybrids with 3 testers (**Signif-
icant at .05 level) 
76 
90 
85 
80 
es 
_cz 
09 
75 
70 
85 
/ 
r 
liilANC Cg 
LANC Ce 
lillif 
BSSS BSSSIHTIC 
Testers 
B73 
Figure 8. Mean yields over 5 environments for Alph 
populations in hybrids with 3 inbred line 
testers (**Significant at .05 level) 
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significant and similar among the inbred testers. Evidently, 
the improvement of Alph relative to Alph Cg, as effected 
in the recurrent selection program with B14 as tester, was 
caused mainly by increased frequencies of genes with only 
additive effects and of genes with partial to complete domi­
nance because the improvements were expressed equally well in 
other sets of comparisons. These results are in agreement 
with the observations in the Lancaster and Kolkmeier program 
and, also, with results observed for Alph Cq and in the 
earlier study of Russell et al, (1973). Reasons for the dis­
crepancies by B73 in the two programs are not understood. 
The single cross checks, Hy x Mol7 and B73 x No 17, showed 
averaged yields of 74.5 q/ha and 92.3 q/ha, respectively. 
Several of the population crosses and testcrosses in Table 13 
showed yields greater than Hy x Moi7 and yields that ap­
proached those of B73 x Mol7. 
The testcrosses and topcrosses of the improved popula­
tions showed trends for lower moisture percent and lower 
percent root lodging when compared to the testcrosses and 
topcrosses of the original populations (Table 13). The 
crosses of Hy, B14A, B73, Alph Cg, and Alph Cg to the popu­
lation of Kolkmeier showed decreases in percent root lodging 
over the CQ population. Also, the crosses of Hy, B14A, B73, 
Alph Cq, BSSS, and BSSS(HT)C^ to the C^ population of 
Lancaster showed decreases in percent root lodging when 
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compared to the crosses of the Cq populations. Generally, the 
crosses of the population of Kolkmeier showed increases in 
percent stalk lodging while the crosses of the population 
of Lancaster showed decreases. Most of the differences ob­
served, however, were not significant (P - 0.05). The changes 
in moisture percent, root lodging, and stalk lodging showed 
no relationship to the changes noted for yield. Unless link­
age and pleiotropism were involved, this would be expected 
because selection during this program was mainly for yield. 
B. Study 12: Experiments 40512 and 50512 
The adjusted entry means of the individual experiments 
and the adjusted means combined over 2 environments are re­
ported in the Appendix in Tables 32 and 33, respectively. 
The analyses of variance for individual experiments and the 
combined analyses of variance for the lattice design, Experi­
ments 40512 and 50512, are shown in the Appendix in Tables 34 
and 35, respectively. Highly significant differences among 
entries were obtained for yields, days to 50% pollen shed and 
silk emergence, plant and ear height, ears per plant, number 
of kernel rows, ear length, ear diameter, kernel depth, weight 
per 300 kernels, and shelling percent in Experiment 40512; 
however, in Experiment 50512, kernel depth was not significant. 
For the data combined over 2 environments, significant dif­
ferences among entries were obtained for all traits except ear 
diameter. In the combined analyses, significant environments x 
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entries interactions were noted for yields, days to 50% pollen 
shed and silk emergence, ears per plant, number of kernel 
rows, ear length, kernel depth, weight per 300 kernels, and 
shelling percent. With the exceptions of ear diameter and 
kernel depth, the contribution to the total variation by the 
main effects of entries was considerably greater than it was 
by the interaction. The coefficients of variation from the 
combined analyses were relatively low for all traits except 
kernel depth. 
Trend analyses of the 32 entries that involved popula­
tions per se, population crosses, and populations in test-
crosses with Hy are shown in the Appendix in Table 36. The 
environments x entries interactions, when tested by the pooled 
error mean squares, were highly significant (P ^ 0.01) for 
number of ears per plant, ear length, ear diameter, and shell­
ing percentage and significant (P - 0.05) for date to 50% 
pollen shed and kernel depth. The relative magnitudes of the 
mean squares for entries were much greater than for the en­
vironments X entries interactions for all traits. For most of 
the plant and ear traits measured, the environments x among 
groups variation accounted for most of the environments x 
entries variation. Therefore, when the environments x entries 
and environments x among groups interactions were significant, 
the pooled variation of environments x within groups was used 
to test the main effects. This F-test was conducted for all 
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traits except plant height, ear height, and number of kernel 
rows. For these traits, the pooled error mean square was 
used to test the main effects. 
The relationship between cycles of selection and the 
changes in plant and ear traits for the populations per se, 
the population crosses, and the populations in testcrosses 
with the inbred line, Hy, are shown in Tables 14 to 17. These 
regression coefficients were obtained from fitting linear and 
quadratic regression models for the plant and ear traits. 
Significant quadratic regression coefficients (Tables 14 
and 15) were observed for: grain yield, date to 50% pollen 
shed, and ear height of the Kolkmeier populations per se; num­
ber of kernel rows of the Kolkmeier populations per se and of 
the Kolkmeier C x Lancaster C population crosses; kernel 
n n 
depth of the Lancaster populations per se; and weight per 300 
kernels of the Lancaster populations per se and of the Hy x 
Lancaster testcrosses. Significant linear regression co­
efficients (Tables 16 and 17) were observed for: grain yield 
and date to 50% pollen shed of the Kolkmeier populations per 
se and of the Kolkmeier x Lancaster population crosses; 
date to 50% silk emergence of the Kolkmeier population per se; 
plant height of the Kolkmeier and Lancaster populations per se; 
ear height of the Kolkmeier population per se and of the Hy x 
Lancaster testcrosses; ears per plant of the Kolkmeier C^, 
of the Kolkmeier x Lancaster population crosses, and of 
the Hy x Kolkmeier testcrosses; number of kernel rows of 
Table 14. Linear and quadratic regression coefficients and predicted values (CQ) 
of 6 plant traits for the Kolkmeier and Lancaster populations per se, the 
Kolkmeier x Lancaster Cn population crosses, and the populations in 
hybrids with the Hy tester 
Yield 
q/ha 
Date to 50% 
pollen shed 
Date to 50% 
silking 
Plant 
height 
cm 
Ear 
height 
cm 
Ears 
per plant 
-10.41±2.92 
1.68±0.56 
(72.66) 
S 1.87±0.46 
^ -0.24±0.09 
(23.71) 
0.62±0.48 
-0.03±0.09 
(29.03) 
-5.93±3.42 
0.65+0.66 
(230.87) 
-6.97±2.35 
1.13±0.45 
(132.23) 
-0. 
-0. 
08+0.04 
01+0.02 
(1.00) 
-1.05±2.92 
-0.03+0.56 
(54.20) 
0.78+0.46 
-0.13+0.09 
(19.03) 
0.29+0.48 
-0.08+0.09 
(22.99) 
-2.81±3.42 
-0.09±0.66 
(205.67) 
1.30±2.35 
-0.24±0.45 
(98.93) 
0. 
-0. 
13±0.04 
02+0.02 
(1.00) 
X 1.90+2.92 
-0.05±0.56 
(73.49) 
0.56±0.46 
-0.06±0.09 
(20.59) 
0.22±0.48 
-0.08+0.09 
(24.97) 
-1.67+3.42 
0.22+0.66 
(229.51) 
-2.49±2.35 
0.41±0.45 
(122.67) 
0. 
-0. 
06±0.04 
01+0.02 
(0.99) 
Hy X K Cn 3.77+2.92 
-0.47+0.56 
(77.99) 
0.21+0.46 
-0.01+0.09 
(21.80) 
-0.57±0.48 
0.11±0.09 
(26.52) 
0.95±3.42 
-0.04±0.66 
(240.84) 
-1.71+2.35 
0.40+0.45 
(136.08) 
-0. 
0. 
01±0.04 
01+0.02 
(1.00) 
Hy X L <=n 3.81±2.92 
-0.47±0.56 
(76.13) 
0.57+0.46 
-0.12±0.09 
(19.03) 
0.59±0.48 
-0.14+0.09 
(22.21) 
3.16±3.42 
-0.45±0.66 
(229.36) 
4.15±2.35 
-0.54±0.45 
(117.05) 
0. 
-0. 
03±0.04 
01+0.02 
(1.00) 
^Predicted values for the Cq in parentheses. 
^Kolkmeier. 
^Linear regression coefficients, 
^Quadratic regression coefficients. 
^Lancaster. 
Table 15. Linear and quadratic regression coefficients and predicted values (CQ) 
of 6 ear traits for the Kolkmeier and Lancaster populations per se, the 
Kolkmeier Cp x Lancaster population crosses, and the populations in 
hybrids with the Hy tester 
Number of Ear 
kernel rows length 
cm 
Shelling Weight per 
percent 300 kernels 
g 
K C X L C 
n n 
Hy X K 
Hy X L 
-1.20±0.25^: 
0.17±0.05O 
(17.89) 
-0.66±0.25 
0.02±0.05 
(15.70) 
-1.24+0.25 
0.16±0.05 
(17.62) 
-0.51+0.25 
0.06+0.05 
(17.98) 
-0.48±0.25 
0.04±0.05 
( 1 6 . 8 0 )  
-0.73±0.86 
0 . 1 0 + 0 . 1 6  
(18.17) 
-1.00±0.86 
0.19+0.16 
(18 .86)  
0.35±0.86 
-0.06+0.16 
( 2 0 . 2 2 )  
0 . 6 0 ± 0 . 8 6  
-0.09±0.16 
(18 .28)  
-0.02±0.86 
- 0 . 0 1 ± 0 . 1 6  
(20.47) 
Ear 
diameter 
cm 
-0.05+0.15 
0.02+0.03 
(4.65) 
0.12±0.15 
-0.03±0.03 
(4.46) 
-0.15±0.15 
0.03+0.03 
(4.79) 
-0.01+0.15 
0.01+0.03 
(4.91) 
0.17+0.15 
-0.03±0.03 
(4.72) 
Kernel 
depth 
cm 
0 . 0 1 ± 0 . 0 6  
O.OltO.Ol 
(0.98) 
0.11+0.06 
-0.02+0.01 
(0.83) 
0 . 0 2 + 0 . 0 6  
0 . 0 0 + 0 . 0 1  
(0.94) 
0 .01+0 .06  
0 .00±0 .01  
(1 .01 )  
0.03±0.06 
-0.01+0.01 
(0.96) 
-0.25±1.11 
- 0 . 0 1 ± 0 . 2 1  
(77.07) 
0.30+1.11 
-0.12+0.21 
(76.19) 
0.72±1.11 
-0.13±0.21 
(79.57) 
0.52±1.11 
-0.06±0.21 
(80.25) 
-0.19+1.11 
0.05±0.21 
(80.31) 
-2.39±1.78 
0.18±0.34 
(75.79) 
-7.31±1.78 
1.33±0.34 
(77.10) 
2.82+1.78 
-0.37±0.34 
(75.66) 
0.32+1.78 
-0.08+0.34 
(80.01) 
5.11+1.78 
-0.73±0.34 
(80.69) 
^Predicted value for the Cq in parentheses. 
^Kolkmeier. 
^Linear regression coefficients. 
'^Quadratic regression coefficients. 
^Lancaster. 
Table 16. Linear regression coefficients and predicted values (CQ) of 6 plant 
traits for the Kolkmeier and Lancaster populations per se, the Kolkmeier 
Cn X Lancaster population crosses, and the populations in hybrids with 
the Hy tester 
Yield 
q/ha 
Date to 50% 
pollen shed 
Date to 50% 
silking 
Plant 
height 
cm 
Ear 
height 
Ears 
per plant 
«•'Cn -2.03±0,82 
(67,07) 
0.67+0.13 
(24.50) 
0.48±0.13 
(29.12) 
-2.67±0.96 
(228.70) 
-1.32±0.66 
(128.46) 
0, 04±0.01 
(1.03) 
-1.22+0.82 
(54.31) 
0.11±0.13 
(19.47) 
"0.11±0.13 
(23.25) 
-3.24±0.96 
(205.96) 
0.12±0.66 
(99.72) 
0, 01±0.01 
(1.08) 
K CN X L Cn 1.65±0.82 
(73.61) 
0.26+0.13 
(20.74) 
-0.18+0.13 
(25.17) 
-0.56±0.96 
(228.95) 
-0.43±0.66 
(121.64) 
0, 03±0.01 
(1.00) 
Hy X K Cn 1.43±0.82 
(79.55) 
0.15+0.13 
(21.84) 
-0.04±0.13 
(26.17) 
0.74+0.96 
(240.98) 
0.30±0.66 
(134.74) 
0. 02+0.01 
(0.98) 
Hy X L Cn 1.46+0.82 
(77.69) 
-0.04±0.13 
(19.43) 
-0.11±0.13 
(22.67) 
0.93+0.96 
(230.85) 
1.43+0.66 
(118.86) 
0. 00+0.01 
(1.02) 
^Predicted values for the Cq in parentheses. 
^Kolkmeier. 
^Lancaster. 
Table 17. Linear regression coefficients and predicted values (Cg) of 6 ear traits 
for the Kolkmeier and Lancaster populations per se, the Kolkmeier x 
Lancaster crosses, and the populations in hybrids with the Hy tester 
Number of 
kernel rows 
Ear 
length 
cm 
Ear 
diameter 
cm 
Kernel 
depth 
cm 
Shelling 
percent 
Weight per 
300 kernels 
g 
-0.36±0.07 
(17.33) 
-0.23+0.24 
(17.84) 
0.04±0.04 
(4.59) 
0.04±0.02 
(0.98) 
-0.27±0.31 
(77.09) 
-1.47±0.50 
(75.19) 
-0.55+0.07 
(15.63) 
-0.07+0.24 
(18.24) 
-0.01±0.04 
(4.55) 
0.00+0.02 
(0.90) 
-0.28±0.31 
(76.58) 
-0.64+0.50 
(72.66) 
X L C -0.41±0.07 
^ (17.21) 
0.08+0.24 
(20.36) 
0.01+0.04 
(4.71) 
0.01±0.02 
(0.94) 
0.09±0.31 
(79.88) 
0.97+0.50 
(76.58) 
Hy X K C -0.20+0.07 
^ (17.77) 
0.16±0.24 
(18.57) 
0.03±0.04 
(4.88) 
0.03+0.02 
(1.00) 
0.21±0.31 
(80.46) 
-0.08±0.50 
(80.28) 
Hy X L C -0.26+0.07 
^ (16.66) 
-0.05+0.24 
(20.50) 
0.01±0.04 
(4.83) 
-0.01±0.02 
(0.98) 
0.07±0.31 
(80.14) 
1.46+0.50 
(83.12) 
^Predicted values for the Cq in parentheses. 
^Kolkmeier. 
^Lancaster. 
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the Kolkmeier and Lancaster populations per se, of the Kolk­
meier X Lancaster population crosses, and of the Hy x 
Kolkmeier and Hy x Lancaster testcrosses; kernel depth 
of the Kolkmeier population per se; and weight per 300 kernels 
cf the Kolkmeier population per se and of the Hy x Lancaster 
C testcrosses. 
n 
The linear trends observed for grain yield were similar 
to those observed in Study 11; therefore, the discussion of 
the trends in Study 11 will also apply to this study. The 
rates of yield gain per cycle, however, were less for the 
population crosses and the testcrosses in Study 12 than for 
those in Study 11 (Tables 10 and 16). 
Increases in the number of days from July 1 to the date 
of 50% pollen shed were evident for the Kolkmeier populations 
per se (0.67 ± 0.13 days/cycle) and for the Kolkmeier x 
Lancaster population crosses (0.26 ± 0.13 days/cycle). Be­
cause the Lancaster populations per se had no significant 
change, it seems that only the Kolkmeier populations have 
contributed to the increase in the number of days to 50% 
pollen shed in the population crosses. A significant increase 
in the number of days to 50% silk emergence was observed for 
the Kolkmeier population per se, although the general trends 
for the number of days from July 1 to the date of 50% silk 
emergence were negative. The net effect of an increase in the 
number of days to 50% pollen shed and of a decrease in the 
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number of days to 50% silk emergence is a decrease in the 
pollen shed to silking interval. 
The Kolkmeier and Lancaster populations per se showed 
significant decreases in plant height (-2.67 ± 0.96 and 
-3,24 ± 0.96 cm/cycle, respectively); however, decreases were 
not evident in the population crosses or testcrosses. Ear 
height showed a significant decrease for the Kolkmeier popula­
tions per se (-1.32 ± 0.66 cm/cycle) and a significant in­
crease for the Hy x Kolkmeier testcrosses (1.43 ± 0.52 
cm/cycle). In general, the trends observed for plant and ear 
heights decreased in the populations per se and in the popula­
tion crosses but increased in the testcrosses (Table 16), The 
decrease in plant and ear heights in the populations per se 
may have been due to inbreeding depression. 
The number of ears per plant of the Kolkmeier populations 
per se (0.04 ± 0.01 ears/cycle) of the Kolkmeier x Lancaster 
population crosses (0.03 ± 0.01 ears/cycle), and of the Hy x 
Kolkmeier testcrosses (0.02 ± 0.01 ears/cycle) showed signif­
icant linear increases (Table 16). The increase in number 
of ears per plant in the Kolkmeier population per se may have 
been due to inbreeding depression. Hallauer (1974) suggested 
that prolificacy is a threshold character which is largely 
conditioned by recessive genes; therefore, approaching homo­
zygosity increases the number of ears per plant. 
The Kolkmeier and the Lancaster populations per se, the 
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population crosses, and the testcrosses showed significant 
decreases in number of kernel rows. The rates of decrease 
were: -0.36 ± 0.07 rows for the Kolkmeier populations per se, 
-0.55 ± 0.07 rows for the Lancaster populations per se, 
-0.41 ± 0.07 rows for the Kolkmeier x Lancaster popula­
tion crosses, -0.20 ± 0.07 rows for the Hy x Kolkmeier 
testcrosses, and -0.26 ± 0.07 rows for the Hy x Lancaster 
testcrosses (Table 17). The linear trends for ear length and 
diameter were not significant for the populations per se, 
population crosses, or testcrosses. The trends for the popu­
lations per se for ear length and diameter were mostly nega­
tive (Table 17). Again, these negative trends for number of 
kernel rows, and for ear length and diameter in the populations 
per se may have been caused by inbreeding depression. 
Kernel depth showed a significant, positive linear trend 
for the Kolkmeier population per se (0.04 ± 0.02 cm/cycle) 
and no definite trend for the Lancaster population per se, 
population crosses, or testcrosses. The linear trends for 
shelling percent were negative and not significant in the 
populations per se and positive and not significant in the 
population crosses and testcrosses. The weight per 300 ker­
nels of the Kolkmeier population per se showed a significant, 
negative trend (-1.47 ± 0.50 g/cycle), while the Hy x Lancaster 
testcrosses showed a significant, positive trend 
(1.46 ± 0.50 g/cycle), 
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The phenotypic correlation coefficients between yield and 
several plant and ear traits for the Kolkmeier and Lancaster 
populations per se, Kolkmeier x Lancaster population 
crosses, and populations in testcrosses with Hy are shown in 
Table 18. These correlation coefficients may have limitations 
because of the few degrees of freedom involved in the test of 
significance. As yield decreased in the Kolkmeier population 
per se, there was an associated decrease in plant and ear 
height (r = 0.91 and 0.88, respectively), number of kernel 
rows (r = 0.96), and ear length (r = 0.85). In the Lancaster 
population per se, there was an associated decrease only in 
the number of kernel rows (r = 0.82). The Kolkmeier x 
Lancaster population crosses showed a positive association 
between yield and date to 50% pollen shed (r = 0.87). Like­
wise, the Hy x Lancaster testcrosses showed a high correla­
tion between yield and weight per 300 kernels (r = 0.93). The 
populations per se showed a definite positive association 
between yield and kernel row number; however, the association 
was negative for the population crosses and testcrosses. The 
correlation coefficients indicated that no definite relation­
ship existed between yield and the plant and ear traits meas­
ured. 
The contribution of each population to the population 
cross can be measured for yield by comparing mean values of 
certain crosses (Table 19) as described previously for 
Table 18. Phenotypic correlation coefficients between yield and several plant and 
ear traits^ for the Kolkmeier and Lancaster populations per se, the 
Kolkmeier x Lancaster C^j population crosses, and the populations in 
hybrids with the Hy tester 
TD SD PH EH EP RN EL ED KD SP KW 
K^-Cn -0. 78 -0. 70 0.91* 0 .88* -0.50 0 .96** 0. 85* 0. 29 0.16 0. 64 0. 63 
-0. 40 0. 10 0.56 -0 .21 -0.51 0 .82* 0. 57 0. 70 0.50 0. 08 0. 32 
X L ^ n  0. 87* -0. 19 0.17 -0 .03 0.58 -0 .68 0. 37 0. 16 0.50 0. 33 0. 48 
Hy X K Cn 0. 37 -0. 39 0.51 0 .06 0.52 -0 .78 0. 70 0. 62 0.64 0. 56 0. 07 
Hy X L Cn -0. 04 -0. 46 0.41 0 .71 0.08 -0 .78 0. 44 0. 74 0.52 -0. 01 0. 93** 
^TD = date from July 1 to 50% pollen shed, SD = date from July 1 to 50% silk 
emergence, PH = plant height, EH = ear height, EP = number of ears per plant, 
RN = number of kernel rows, EL ~ ear length, ED = ear diameter, KD = kernel 
depth, SP = shelling percent, and KW = weight per 300 kernels, 
^K = Kolkmeier. 
^L = Lancaster. 
*,**Significant at the .05 and .01 levels, respectively. 
Table 19. Mean values of plant and ear traits^ over 2 environments for some 
selected population crosses 
Plant traits Ear traits 
YD TD SD PH EH EP RN EL ED KD KW SP 
K'' Cg X h" Cg 72 .9 20. 5 24. 9 228 .0 122. 4 1. 0 17 .6 20. 5 4, 8 1 .0 75 .4 79. 4 
K Cq X L C5 79, 8 19. 5 22. 6 222 .7 119. 8 1. 1 16 . 6 20. 9 4, 8 .9 85 .4 79. 9 
K C5 X L Cq 77, 3 21. 3 23. 7 226 .9 122. 2 1. 0 16 .7 19. 7 4, ,8 1, .1 78 .1 80. 4 
K X L C5 81, 3 21. 9 24. 1 226 .9 120. 5 1. 1 15 .6 20. 0 4, ,9 1, .0 80 .8 80. 2 
LSD(.IO) 6. 8 6 . 8 5 .7 3. 8 1 .5 1. 8 3 2 5 .6 9 
LSD(.05) 8. 2 
• 
7 1. 0 6 .8 4. 5 
• 
1 .6 2. 1 4 2 6 .7 1. 1 
®YD = yield fq/ha), TD = date from July 1 to 50% pollen shed, SD = date from 
July 1 to 50% silk emergence, PH = plant height (cm), EH = ear height (cm), 
EP = number of ears per plant, RN = number of kernel rows, EL = ear length 
(cm), ED = ear diameter (cm), KD = kernel depth (cm), KW = weight per 300 
kernels (g), and SP = shelling percentage. 
^Kolkmeier, 
^Lancaster, 
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Study 11. In this study, the Lancaster populations were esti­
mated to have contributed 65% to the improvement in the popu­
lation cross while the Kolkmeier populations contributed only 
35%. Significant (P - 0.05) increases in the population 
crosses (Cg x Cg to x C^) were observed for yield 
(8.4 q/ha), date to 50% pollen shed (1.4 days), and number of 
ears per plant (0.1 ears). A significant decrease (P 5 0.05) 
was observed for number of kernel rows (2.0 rows). 
As in Study 11, the remaining 40 entries from the origi­
nal lattice design were analyzed to obtain independent esti­
mates of error to use in mean comparisons. The tester 
analyses are shown in Tables 20 and 21. The environments x 
entries source of variation were not significant for dates to 
50% pollen shed and silking, plant and ear heights, number of 
kernel rows, and shelling percent. For these traits, there­
fore , the pooled error was used to test the source of vari­
ation of entries. Except for ear diameter and kernel depth, 
the relative magnitudes of the mean squares were greater for 
entries than for environments x entries (Tables 20 and 21). 
Mean yields over 2 environments for the Kolkmeier Cq 
and C^, and the Lancaster Cg and populations in testcrosses 
with Hy, B14A, B73, and Mol7 are shown in Tables 22 and 23. 
Nonsignificant differences were observed for all comparisons 
between the tester x original population and the tester x 
improved population. The trends for yield of these crosses. 
Table 20. Combined analyses of variance of plant traits over 2 environments 
Source 
Date to 50% Date to 507» 
d.f. Yield pollen shed silking 
Mean squares 
Plant Ear Ears 
height height per plant 
Environments (env.) 1 
Replications/env. 4 
Entries (ent.) 39 
Env. X ent. 39 
Pooled Error 156 
Total 239 
7,852.42 2,004.50 1,706.13 22,320.46 33,304.42 .0183 
328.30 
421.48** 
98.27* 
62.19 
6.70 
8.05** 
.  66 
.76 
11 .66  
12.84** 
1 . 8 1  
1.44 
857.75 
366.22** 
56.28 
71.90 
253.90 .0047 
318.94**.0309** 
31.06 .0099* 
31.55 .0057 
* **Significant at the .05 and .01 levels, respectively. 
Table 21. Combined analyses of variance of ear traits over 2 environments 
Mean squares 
Source d.f. 
Number of 
kernel rows 
Ear 
length 
Ear 
diameter 
Kernel 
depth 
Shelling 
% 
Weight per 
300 kernels 
Environments (env. ) 1 .05 109.35 2.4000 .6000 1,276.51 4,054.10 
Replications/env. 4 .14 5.87 .0143 .0057 4.67 19.69 
Entries (ent.) 39 13.30** 13.31* .3924 .1050** 16.37** 433.73** 
Env. X Ent. 39 .49 6.50** .2400** .0486** 1.82 65.50** 
Pooled Error 156 .56 3.09 .0707 .0145 1.78 33.82 
Total 239 
*,**Significant at the .05 and .01 levels, respectively. 
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Table 22. Character means of plant traits over 2 environments 
Entries YD' TD SD" PH^ Er EP 
77.4 21.3 26.4 238.4 135.2 1.0 
85.8 22.5 26.1 245.1 137.5 1.1 
78.2 18.9 21.7 228.1 117.1 1.0 
81.5 18.9 22.1 233.9 124.8 1.0 
84.9 21.2 24.1 233.2 118.2 1.0 
82.0 21.5 24.5 219.6 108.5 1.2 
76.4 19.4 21.8 217.6 105.1 1.0 
83.6 19.4 21.5 217.8 106.1 1.1 
87.9 20.8 23.6 234.1 123.7 1.0 
93.5 22.6 24.5 235.2 127.1 1.3 
85.3 19.1 21.1 222.9 113.2 1.1 
86.7 18.9 20.6 222.6 115.0 1.1 
81.8 19.9 23.2 222.0 118.1 1.0 
87.9 22.1 25.5 226.2 122.1 1.1 
78.9 19.2 21.5 206.3 106.5 1.0 
87.0 19.3 21.4 210.6 108.1 1.1 
69.4 20.1 25.6 223.3 123.0 1.0 
73.9 21.0 24.4 227.6 120.8 1.0 
67.2 18.8 22.2 220.3 110.5 1.0 
69.5 18.7 21.8 216.1 111.8 1.0 
HY X KOLK 
HY X KOLK C. 
HY X LANG C 
HY X LANG G. 
0 
B14A X KOLK C 
B14A X KOLK C, 
B14A X LANG GJ 
B14A X LANG G, 
0 
0 B73 X KOLK G 
B73 X KOLK G, 
B73 X LANG cj 
B73 X LANG G, 
M017 X KOLK Gq 
M017 X KOLK Gc 
M017 X LANG Gq 
M017 X LANG G^ 
ALPH Cq X KOLK GQ 
ALPH Gq X KOLK G^ 
APLH Gq X LANG Gq 
ALPH Gq X LANG G^ 
^Grain yield (q/ha). 
^Date from July 1 to 50% pollen shed. 
^Date from July 1 to 50% silk emergence. 
^Plant height (cm) . 
®Ear height (cm) . 
^Number of ears per plant. 
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Table 22. (continued) 
Entries YD TD SD PH EH EP 
ALPH X KOLK Co 77. 5 21. 1 25. 3 231. 3 132. 2 1.0 
ALPH X KOLK s 85. 3 22. 8 25. 0 242. 0 131. 0 1.1 
ALPH X LANC Co 71. 3 19. 1 22. 2 223. 6 110. 4 1.1 
ALPH Cg X LANC C5 72. 3 20. 2 22. 5 226. 9 119. 0 1.0 
BSSS X LANC Cq 75. 1 19. 9 22. 4 219. 6 108. 4 1.1 
BSSS X LANC Cr 81. 0 19. 8 21. 6 220. 3 116. 4 1.1 
BSSS(HT)Cy X LANC Cq 83. 0 20. 0 22. 5 222. 8 114. ,0 1.1 
BSSS (HT) C7 X LANC C. 88. 6 19. 7 21. 7 218. 7 115, .1 1.1 
M017 X BSSS 88. 0 20. 6 22. 7 211. 1 111, .1 1.0 
M017 X BSSS(HT)C^ 91. 1 20. 6 21. 8 213, ,9 112 .6 1.0 
B14A X ALPH CQ 79. 7 19. 7 22. 6 221. 4 108 .2 1.0 
B14A X ALPH Cg 83. 3 20. 6 23. 5 226, .9 109 .2 1.0 
B73 X ALPH Cq 85. 5 20. 0 23. 3 226. 2 113 .9 1.1 
B73 X ALPH C5 96. 2 20. 3 22. 6 237, .7 123 .6 1.1 
M017 X ALPH CQ 82. 7 19. 8 23. 0 218 .0 113 .5 1.0 
M017 X ALPH C5 89. 4 20. 3 21. 7 226 .2 121 .6 1.0 
KOLK CQ X KOLK 77. 3 23. 8 27. ,1 230 .7 130 .4 1.1 
LANC Cq X LANC C5 56. ,2 18. 9 21. 7 212 .5 110 .4 1.0 
HY X M017 90. ,6 19. 6 21. J  220 .5 111 .8 1.0 
B73 X M017 90. 8 19, .9 21 .6 208 .7 106 .8 1.0 
LSD(.10) 9 .6 .8 1 .1 8 .1 5 .3 .1 
LSD(.05) 11 .6 1, .0 1 .4 9 .6 6 .4 .1 
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Table 23. Character means of ear traits over 2 environments 
Entries RN® EL^ ED^ KD^ KW® SP^ 
HY X KOLK Cq 
HY X KOLK C^ 
HY X LANG Cq 
HY X LANC C^ 
B14A X KOLK C^ 
B14A X KOLK C^ 
B14A X LANC Cq 
B14A X LANC C^ 
B73 X KOLK Cq 
B73 X KOLK C^ 
B73 X LANC Cq 
B73 X LANC Cg 
M017 X KOLK Cq 
M017 X KOLK C^ 
M017 X LANC Cq 
M017 X LANC C5 
ALPH Cq X KOLK CQ 
ALPH Cq X KOLK C^ 
ALPH Cq X LANC CQ 
ALPH C« X LANC C^ 
V V 
^Number of kernel rows. 
^Ear length (cm) . 
^Ear diameter (cm). 
'^Kernel depth (cm). 
^Weight per 300 kernels (g) . 
^Shelling percentage. 
18.3 18.5 4.9 1.0 79.3 80.0 
16.9 19.0 5.1 1.2 80.0 82.0 
16.8 21.0 4.8 1.0 82.0 80.3 
15.5 19.9 4.7 .9 86.1 81.0 
16.8 21.6 4.9 1.1 93.3 80.8 
16.4 18.3 5.3 1.3 86.9 79.7 
15.1 20.9 4.5 .8 95.1 81.2 
14.0 21.5 4.8 1.0 107.9 80.7 
18.7 19.6 5.0 1.1 79.4 
r—
1 00 
18.2 18.2 5.9 1.5 72.5 80.7 
17.0 20.6 4.9 .9 83.8 81.5 
16.0 20.6 5.0 1.1 86.0 81.3 
15.5 22.0 4.8 1.0 90.6 82.5 
14.3 22.5 4.7 1.1 86.3 82.7 
13.8 23.4 4.4 . 9 91.1 82.3 
12.7 23.5 4.7 1.0 98.6 82.3 
17.8 19.9 5.0 .9 77.6 79.2 
17.5 21.3 4.7 .9 74.7 80.3 
16.5 22.0 4.5 .8 80.5 78.8 
15.7 21.6 4.6 .8 86.9 77.5 
99 
Table 23, (continued) 
Entries RN EL ED KD KW SP 
ALPH Cg X KOLK CQ 18.5 19.9 5.0 1.0 82.5 79.0 
ALPH Cg X KOLK 17.5 20.9 4.9 1.1 78.4 80.2 
ALPH C5 X LANC CQ 17.3 20.5 4.7 .9 79.3 78.3 
ALPH Cg X LANC C5 15.9 21.5 4.7 .8 87.2 77.8 
BSSS X LANC CQ 16.1 20.9 4.8 1.0 76.3 78.8 
BSSS X LANC C5 15.3 21.1 4.8 1.0 91.7 80.3 
BSSS(HT)Cy X LANC Cq 16.8 19.6 5.2 1.1 83.4 77.8 
BSSS(HT)Cy X LANC C^ 15.6 22.4 5.0 .9 92.5 77.8 
M017 X BSSS 14.8 22.4 4.7 1.0 89.0 82.2 
M017 X BSSS(HT)C^ 14.8 22.2 4.8 1.0 98.7 81.7 
B14A X ALPH CQ 16.4 21.9 4.8 1.0 96.3 81.2 
B14A X ALPH C5 16.3 22.6 4.9 1.0 100.2 79.5 
B73 X ALPH Cq 19.2 20.3 5.0 1.0 75.8 81.5 
B73 X ALPH C^ 18.6 21.5 5.1 1.1 84.5 81.0 
M017 X ALPH CQ 15.2 23.9 4.7 1.0 89.3 82.0 
M017 X ALPH C5 14.7 24.3 4.7 .9 94.4 82.0 
KOLK CQ X KOLK C^ 18.6 18.3 5.0 1.2 70.7 79.8 
LANC Cq X LANC C^ 15.2 19.7 4.4 .8 74.3 77.8 
HY X M017 14.7 22.9 4.6 1.0 93.6 83.3 
B73 X M017 15.4 23.0 4.9 1.0 90.8 84.2 
LSD(.10) .7 2.5 .5 .2 7.9 1.3 
LSD(.05) .8 3.0 .6 .3 9.4 1.5 
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however, were similar to those observed in Study 11. Most of 
the differences observed between the Cq and populations 
were not significant for the plant and ear traits measured. 
In general, the testcrosses and topcrosses involving Kolkmeier 
and Lancaster (when compared to those involving 
Kolkmeier Cq and Lancaster Cq) were higher yielding; were 
taller with higher ear placement; averaged more ears per 
plant; had fewer rows of kernels ; and had slightly wider ears 
with deeper kernels. The testcrosses and topcrosses involv­
ing the Lancaster populations showed an increase in weight 
per 300 kernels for the C^ population while the same crosses 
to the Kolkmeier populations generally showed a decrease in 
weight. The number of kernel rows was consistently lower for 
the testcrosses and topcrosses involving the improved popula­
tions of Kolkmeier and Lancaster when compared to the crosses 
of the original populations. No definite trends were observed 
for the dates to 50% pollen shed and silk emergence, ear 
length, and shelling percentage. The linear regression coef­
ficients for the plant and ear traits of the populations 
per se, the population crosses, the testcrosses, and the Cq 
versus C^ mean comparisons indicated that no definite changes 
occurred in the plant and ear traits which could account for 
changes observed in yields. 
Grain yield was the only trait measured that was common 
to the two Studies (11 and 12). As has been noted, many of 
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the Cg versus comparisons for yield showed significant 
differences in Study 11, but none was significant in Study 12. 
This variation in results of the two studies may be attributed 
to either differences in plot techniques or to sampling vari­
ations. In Study 11, two-row, machine-planted, hand-harvested 
plots were used, while single-row, hand-planted, hand-har­
vested plots were used in Study 12. Grain weights and mois­
ture percentages were taken at the time of harvest in Study 11 
and later converted to grain yields at 15.5 percent mois­
ture. In Study 12, however, weights were determined on dry 
grain. In Study 11, an average of 40.6 plants per plot in 
5 environments were harvested, while only 10 competitive 
plants per plot were harvested in 2 environments in Study 12. 
Because all of the versus comparisons involved sampling 
heterogeneous materials, any differences caused by sampling 
problems may be less in Study 11. Although 5 environments 
were used in Study 12 and only 2 environments in Study 11, 
this does not seem a cause for the variation in results be­
tween the two studies because the interactions of environments 
X entries were relatively unimportant when compared with main 
effects of entries. 
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V. GENERAL DISCUSSION AND CONCLUSIONS 
Grain yield was the principal basis of selection in the 
recurrent selection program that was evaluated in this study. 
Therefore, most of this general discussion will be devoted to 
observed changes in yields and to comparing these observations 
to results in related studies. 
One of the original purposes of this recurrent selection 
program was to obtain information on the relative importance 
of dominance and overdominance in yield heterosis, using the 
procedure outlined by Sprague and Miller (1950). They sug­
gested that a measure of the relative importance of these two 
types of gene action could be obtained by observing the effects 
of changes in gene frequencies of populations undergoing re­
current selection for specific combining ability. They pro­
posed that recurrent selection for specific combining ability 
be conducted in two unrelated heterozygous stocks with a common 
inbred line tester. The purpose of this study was to evaluate 
such a program after 5 cycles of selection. If selection has 
been effective in accumulating dominant alleles in both 
sources, the changes in the population crosses (CQ X CQ to x 
Cg) should be a linear upward trend. However, if selection 
has been effective in accumulating recessive alleles for those 
loci where the inbred line tester has dominant alleles and 
dominant alleles where the inbred line tester has recessive 
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alleles, because of the greater relative importance of over-
dominance in yield heterosis, the changes in the population 
crosses will be a curvilinear response with the crosses of the 
later populations exhibiting a downward trend relative to the 
Cq X CQ. 
Yield changes observed for the Kolkmeier and Lancaster 
populations per se did not reflect much information relative 
to the types of gene action that were effective in this recur­
rent selection program. In neither instance was a significant, 
positive linear change observed; Kolkmeier showed a sharp de­
crease for the and then a gradual increase in subsequent 
cycles of selection, but Lancaster showed a significant de­
crease from the Cq to C^. Undoubtedly, if there was an accumu­
lation of favorable alleles that affected yields, their posi­
tive effects must have been partially negated by increased 
frequencies of undesirable recessives in the first generation 
when only 5 lines were recombined to develop the popu­
lations . The changes observed for the populations per se were 
distinctly different from those reported by Russell et al. 
(1973) for a similar recurrent selection program. They ob­
served yield gains per cycle of selection of 2.06 ± 0.44 q/ha 
for the Alph and 1.55 ± 0.44 q/ha for the F2 of VfF9 x B7. 
Whereas in my study the calculated coefficient of inbreeding 
was 0.25 in each population, in their study they had calculated 
coefficients of 0.22. In the study of Russell et al. (1973), 
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10 lines were recombined in each cycle. 
Yield changes observed for the Hy testcrosses suggested 
that the recurrent selection program has been successful in 
increasing the frequencies of the favorable alleles at those 
loci affecting yields in both populations. The rates of yield 
gain per cycle of selection were significant for both the Hy x 
Kolkmeier and Hy x Lancaster testcrosses, and they were 
similar to those reported by Russell et al. (1973). They ob­
served yield gains per cycle of selection of 3.09 ± 0.50 q/ha 
for the Alph and 1.32 ± 0.50 q/ha for the of WF9 x B7. 
Yield changes observed for the population crosses (CQ X 
Cq to X C^) also indicated that the recurrent selection 
program has been successful in increasing frequencies of genes 
affecting yields in both populations; in addition, these 
changes suggested that the type of gene action involved in 
yield heterosis is partial or complete dominance. Evidently, 
overdominance was relatively unimportant or, at least, was of 
lesser importance. The rate of yield gain for the population 
crosses was 2.45 ± 0.45 q/ha in Study 11 and 1.65 ± 0.82 q/ha 
in Study 12. The changes observed for the population crosses 
were lower than those reported by Russell et al. (1973). They 
observed yield gains per cycle of selection of 4.09 ± 0.24 q/ha, 
which was nearly equal to the combined rates of improvement of 
B14 X Alph and B14 x (WF9 x B7)C^. I observed, however, 
that the rate of gain for the population crosses was 
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approximately equal to the average rates of gain of the Hy x 
Kolkmeier C and Hy x Lancaster C testcrosses. The results 
n •' n 
of Russell et al. (1973) suggested that the gene action was 
predominantly partial or complete dominance so that the yield 
improvement in Alph and (WF9 x B7)F2, as shown in testcrosses 
with B14, was expressed as a cumulative effect when the 2 
populations were crossed, CQ X CQ to x C^. Because 
Kolkmeier and Lancaster are unrelated populations, it seems 
that a similar result could be expected when the populations 
are crossed, CQ X CQ to C^ x C^. If, however, some of the 
yield improvement observed in the Kolkmeier and Lancaster 
populations in testcrosses with inbred Hy was caused by over-
dominant loci, then these loci could partially negate any 
cumulative effect for loci with partial or complete dominance. 
The yield trends observed for the B14A and Mol7 test-
crosses and the Alph Cq and C^ topcrosses were similar to 
those of the Hy testcrosses, which suggested that the improve­
ment in the Kolkmeier and Lancaster populations was caused by 
increased frequencies of genes with additive effects and of 
genes with partial to complete dominance. Likewise, the B14A, 
B73, and Mol7 testcrosses with the Alph populations showed 
similar differences for yield; therefore, these testcrosses 
were expressing equally the effects of increased gene frequen­
cies in the Alph populations. These results agreed with the 
results of Russell et al. (1973) and Homer et al. (1976). 
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Russell et al. (1973) found in the Alph and WF9 x B7 program 
that topcrosses with an unrelated tester, BSBB, showed rates 
of improvement similar to those of the B14 testcrosses. 
Homer et al. (1976) used a single-cross tester (F44 x F6) to 
improve a composite, FSB, and found similar responses of the 
selected populations when crossed to an unrelated broad-base 
synthetic, FS3W, and when crossed to the single-cross tester 
used in the selection program. 
Early papers by Hull (1945) and Sprague and Miller (1950) 
suggested that the use of a single long-time inbred line as 
a tester will not be effective in selecting for general com­
bining ability. Although the recurrent selection program that 
was evaluated in this study used an inbred line tester, prog­
ress for yield in the Kolkmeier and Lancaster varieties has 
been primarily for general combining ability. The results of 
this study suggested that recurrent selection using an inbred 
line tester can be an efficient method to improve breeding 
populations. A maize breeder can replace an inbred line tester 
in a population improvement program with another tester without 
losing progress in the population because of specific combining 
ability with the inbred line. 
Other studies on the type of gene action involved in yield 
heterosis in maize also indicated that specific combining 
ability (nonadditive genetic variability) was relatively unim­
portant . Homer et al. (1973) compared three methods of 
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selection for grain yield in maize: the inbred tester method, 
the parental tester method, and the $2 progeny method, and he 
concluded that the inbred tester was more effective in select­
ing for general combining ability than were the other two 
methods. Russell and Eberhart (1975) evaluated three maize 
crosses among BSCB1(R)C^, BSSS(R)C^, and BSSS(HT)Cg popula­
tions, and three sets of line x line crosses among the sources 
(a set of lines was derived from each source). They found 
that yields of the population crosses were essentially equal 
and that most of the variation for yield among crosses in each 
set was accounted for by average line performance (general 
combining ability). Hoegemeyer and Hallauer (1976) evaluated 
the efficacy of selection within and among full-sib families 
in 2 two-eared maize populations, and they observed that this 
method of selection successfully isolated lines, giving supe­
rior additive contributions to their hybrids and having high 
specific combining ability for the tested pairs of lines. Al­
though the selected lines were tested with only one line (its 
mate), they also had high general combining ability with other 
elite lines. 
Changes observed in moisture percent, root lodging, and 
stalk lodging showed no definite relationship to the changes 
noted for grain yields. In the Kolkmeier populations per se, 
improvement in root strength, but deterioration in stalk 
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quality, was noted. Little change in these agronomic traits 
was expected because selection in this program was mainly for 
yield. 
Most of the changes observed for the plant and ear traits 
were not significant and indicated no definite relationship to 
the changes observed for yields. At most, the trends sug­
gested a decrease in yields, in plant and ear heights, in 
number of kernel rows, and in weight per 300 kernels for the 
Kolkmeier and Lancaster populations per se. An increase in 
the number of days to 50% pollen shed and silk emergence, and 
an increase in the number of ears per plant were also observed 
in the populations per se. No definite changes were observed 
for the population crosses or testcrosses. The trends ob­
served for the populations per se could be due to inbreeding 
depression effects. Hallauer and Sears (1973), and Good 
(1976) have shown that, as homozygosity increases, plant and 
ear height, number of kernel rows, ear length and diameter de­
creased, and number of ears per plant increased. The pheno-
typic correlations between yield and the plant and ear traits 
also indicated little association between the changes in yield 
and the changes in plant and ear traits. Selection based 
solely on components of yield, therefore, would not be effec­
tive in improving grain yield in the Kolkmeier and Lancaster 
populations. 
109 
From this study, I concluded the following: 
1. The recurrent selection program has been successful 
in increasing frequencies of genes affecting yield 
because the testcrosses with the inbred line, Hy, 
and the population crosses (Kolkmeier CQ X Lancaster 
Cq to Kolkmeier x Lancaster C^) showed significant 
changes in yield. 
2. Overdominance was relatively unimportant in the 
changes in yield potential of the two varieties be­
cause the population crosses showed a linear upward 
trend. Also, testcrosses with most unrelated testers 
showed similar relative performance of the Cq and 
populations as did Hy testcrosses. 
3. These results are in agreement with changes observed 
in other materials from similar recurrent selection 
programs. 
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VIII. APPENDIX 
117 
Explanation of Abbreviations Used 
in Appendix Tables 
Abbreviation Description 
YD Grain yield (q/ha) 
MO Moisture (%) 
RTLO Root lodging (%) 
STLO Stalk lodging (%) 
TD Date to 50% pollen shed 
SD Date to 50% silk emergence 
PH Plant height (cm) 
EH Ear height (cm) 
EP Number of ears per plant 
RN Number of kernel rows 
EL Ear length (cm) 
ED Ear diameter (cm) 
KD Kernel depth (cm) 
SP Shelling % 
KW Weight per 300 kernels (g) 
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TABLE 24. MEAN VALUES FOR AGRONOMIC TRAITS, AGRONOMY FARM, 
1974 (EXPERIMENT 40511) 
ENTRY 
1 
2 
3 
4 
5 
6 
7 
8 
9  
1 0 
1 1 
I 2 
13 
1 4 
1 5  
16 
I  7  
1 8 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
3  1 
32  
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
4  7  
48 
49 
50 
KOLK 
KOLK 
KOLK 
KOLK 
KOLK 
KOLK 
LANC 
LANC 
LANC 
LANC 
LANC 
LANC 
KOLK 
LANC 
KOLK 
KOLK 
KOLK 
KOLK 
KOLK 
KOLK 
KOLK 
KOLK 
HV X 
HY 
HY 
HY 
HY 
HY 
HY 
HY 
HY 
HY 
HY 
HY 
HY 
CO 
CI 
C2 
C3 
C4 
C5 
CO 
CI 
C2 
C3 
C4 
C5 
CO 
CO 
CO 
CO 
CI 
C2 
KOLK C5 
LANC C5 
LANC CO 
LANC CO 
LANC CI 
LANC C2 
C3 X LANC C3 
C4 X LANC C4 
C5 X LANC C5 
C5 X LANC C5 
KOLK CO 
KOLK CI 
KOLK C2 
KOLK C3 
KOLK C4 
KOLK CS 
LANC CO 
LANC CI 
LANC C2 
LANC C3 
LANC C4 
LANC C5 
MOI 7  
814 A X KOLK CO 
814A X KOLK C5 
S14A X LANC CO 
814A X LANC CS 
873 X KOLK CO 
S73 X KOLK CS 
873 X LANC CO 
873 X LANC C5 
M017 X KOLK CO 
MOl 7  X KOLK C5 
MOl 7  X L ANC CO 
MO 17  X LANC CS 
ALP H CO X KOLK CO 
ALPH CO X KOLK C5 
ALPH CO X LANC CO 
YD MO RTLO STLO 
49.0  28.  7  43 .9  3 .4  
41.8  31.3  12.2  3 .5  
52.  7  30 .4  10.1  3 .1  
47.5  30.8  13.4  13.5  
57 .8  29.6  10 .4  11.2  
57.6  29.4  15.  1  7 .2  
52.7  23.4  12.9  24.6  
52.0  23.5  11 «9 23.2  
51.7  23.  6  4 .  1  19 .6  
46.2  22.3  5 .9  27.9  
46.  1  22 .5  4 .1  22.9  
42.4  23.3  9 .  1  28 .6  
70.4  28.3  29.8  6 .0  
61.4  22.6  5 .0  13.2  
61.1  26.  1  19 .7  10.2  
69.2  25.5  26.6  8 .6  
71.4  27.0  5 .  0  6 .5  
72.8  25.4  5 .8  5 .2  
77.6  25.6  5 .3  11 .9  
79.3  25.  1  1 .8  4 .4  
77.1  25.1  7 .9  11.5  
86.3  25.3  7 .8  9 .0  
72.8  27.6  12.5  3 .4  
66 .0  29.5  10 .2  1 .1  
82.4  28.0  2 .4  5 .7  
85.9  28.  1 15 .8  4 .7  
83.9  27.4  3 .6  7 .8  
92.2  27.  3  2 .6  3 .1  
76.0  25.  1 8 .5  10.1  
70.7  26.4  2 .0  5 .4  
80.2  25.4  0 .9  11.0  
79.3  25.0  2 .4  11.0  
87.6  25.  1  0.0 0.7  
85.0  24.6  4 .2  6 .9  
68.9  26.9  5 .4  1 .0  
64.  1  24 .0  0 .7  1 .1  
83.5  23.3  2 .0  2 .0  
76.3  21.7  0 .6  0 .8  
85.  1 21 .0  0 .  1  2 .9  
90 .0  24.7  11.8  3 .2  
97-3  26.  0  7 .  3  2 .  1 
93 .9  23.8  18.3  3 .  1  
93 .3  24.0  1 .4  0 .7  
74.6  26.7  11.4  1 .0  
88.1  26.1  1  .6  2 .2  
74 .6  23.8  0 .  0 7.  0  
91 .9  23.7  3 .0  0 .9  
49.0  25.  1  12 .6  7 .8  
76.0  25.0  10.5  7 .4  
53.5  23.7  14.2  5 .9  
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TABLE 24. (CONTINUED) 
40511 ) 
AGRONOMY FARM, 1974 (EXPERIMENT 
ENTRY YD MO RTLO STLO 
51 ALPH CO X LANC C5 69.0  22.8  7 .7  18.4  
52 ALPH C5 X KOL.K CO 75.5  26.8  29.  5  6 .1  
53 ALPH C5 X KOLK C5 98 .7  26.9  24.5  1 .9  
5* ALPH C5 X LANC CO 79.1  23.0  4 .2  10 .8  
55 ALPH C5 X LANC C5 83 .3  22.9  6 .  8  8 .5  
56 BSSS X LANC CO 81 .2  23.9  6 .5  3 .9  
57 BSSS X LANC C5 84.8  24.7  4 .7  3 .1  
58 8SSS(HT)C7 X LANC CO 93 .1  24.7  3 .  1 6 .9  
59 BSSS(HTIC7 X LANC C5 92 .0  23.5  5 .9  3 .2  
60 KOLK CO X LANC C5 71.5  24.5  16.8  4 .1  
61 KOLK CO X LANC C5 71 .4  24.8  14.3  10.0  
62 KOLK C5 X LANC CO 65 .6  25.3  23.6  14.9  
63 KOLK C5 X LANC CO 74 .  I  24 .  7  15.5  8 .  8  
64 MOl7 X BSSS 90.5  24.6  0 .6  0 .8  
65 MG17 X BSSS(HT)C7 97.0  25.4  0 .6  0 .9  
o6 B14A X ALPH CO 82 .9  20.4  2 .0  0 .0  67 814A X ALPH C5 91 .2  22.1  2 .2  1 .0  
68 B73 X ALPH CO 72.8  23.2  3 .8  3 .2  69 873 X ALPH C5 92 .5  24.5  11.9  1 .8  
70 MO 17 X ALPH CO 75 .  1 24 .0  3 .3  4 .3  
7 1  M017 X ALPH C5 96 .4  25.0  5 .5  0 .9  
72 B73 X M017 103.2  23.5  3 .3  0 .2  
AVG 0
0 
*
 
N
 25 .2  
N
 • 
CO 
7.  1 
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TABLE 24. (CONTINUED) ATOMIC ENERGY PLANT, 1974 (EXPERI­
MENT 40611) 
ENTRY YD MO RTLO STLO 
1 KOLK CO 44 .5  35.4  11.3  9 .5  
2  KOLK Cl  40 .  7  42 .9  7 .3  8 .  1 3  KOLK C2 35.2  37.8  3 .1  10.1  4  KOLK C3 42 .7  38.6  3 .8  13.4  
5  KOLK C4 37 .5  37.6  8 .  6  18.  1  6  KOLK es  41 .4  38.3  2 .1  19.1  7  LANC CO 44.0  26.4  8 .2  10.7  8  LANC Cl  42 .4  27.7  5 .6  10.  5  9  LANC C2 40 .7  29.2  1 .8  10.7  
10 LANC C3 39.8  25.  2  1 .1  5 .8  
1 1  LANC C4 39 .0  25.7  1 .1  6 .5  
12 LANC es  40.9  26.0  5 .8  7 .5  
13 KOLK CO X KOLK CS 59.2  34.5  13.9  9 .  1  1  4  LANC CO X LANC C5 49 .9  27.3  2 .9  12.3  
15 KOLK CO X LANC CO 56 .2  30.8  7 .6  2 .2  
16 KOLK CO X LANC CO 54 .5  32.2  13.7  8 .3  
17 KOLK Cl  X LANC CI 55 .7  33.4  2 .4  2 .9  
18 KOLK C2 X LANC C2 53 .0  31.  5  2 .9  8 .8  
1 9 KOLK C3 X LANC C3 64 .3  30.6  4 .9  3 .7  
20 KOLK C4 X LANC C4 57 .8  30.8  0  .8  6 .2  
21 KOLK C5 X LANC C5 62 .9  32.9  2 .9  9 .0  
22 KOLK C5 X LANC CS 62 .8  29.8  3 .8  9 .0  
23 HY X KOLK CO 59.3  31 .1  3 .6  4 .6  
24 HY X KOLK CI 54 .0  32.5  1 .0  1 .7  
25 HY X KOLK C2 57 .6  32.0  3 .1  4 .7  
26 HY X KOLK C3 56.2  32.  S  4 .  5  6 .0  
27 HY X KOLK C4 62 .3  30.9  0 .1  3 .7  28 HY X KOLK C5 ,  64 .6  31.2  1 .1  4  .8  
29 HY X LANC CO S3 «6 33.  1 4 .0  4 .0  
30 HY X LANC CI 48  .3  30.8  0  .0  2 .1  3  1 HY X LANC C2 57.  8  29.0  1 .0  1 .1  
32 HY X LANC C3 59 .9  27.  1 0 .9  12.5  33 HY X LANC C4 62 .9  29.4  0  .0  6 .4  
34 HY X LANC C5 65.8  29.  2  0 .0  2 .8  35 HY X M017 62 .3  30.4  0 .1  0 .1  36 B14A X KOLK CO 48 .7  26.3  2 .2  0  .0  37 B14A X KOLK C5 65 .0  27.2  0 .  0 1.2  38 814A X LANC CO 64  .2  23.4  1  .8  0 .0  
39 B14A X LANC CS 68 .  1 22 .9  0 .0  2 .0  40 873 ; K KOLK CO 70 .9  30.2  0 .0  0 .0  41 S 73 X KGL! K CS 72=2 31 e l  le i  1 .1  42 873 X LANC CO 76.5  26.  5  0 .0  4 .  7  
43 373 X LANC C5 70 .8  27.3  0 .1  0 .1  44 MOI 7  X KOLK CO 67 .8  31 .0  1 .0  0  .9  
45 MOI 7  X KOLK CS 65 .0  32.2  0 .1  1 .1  46 MOI 7  X LANC CO 65 .3  27.7  1 .9  3 .  1 4  7  MOI 7  X LANC C5 68 .  1  26 .0  0 .0  2 .5  48 ALP H CO X KOLK CO 49 .5  29.6  8 .4  11.6  49 ALPH CO X KOLK CS 55 .4  28.7  7 .0  14.1  
50 ALPH CO X LANC CO 57.2  25.  7  7 .2  10.7  
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TABLE 24. (CONTINUED) ATOMIC ENERGY PLANT, 1974 (EXPERI­
MENT 40611) 
ENTRY YD MO RTLO STLO 
51 ALPH CO X LANC C5 61.2  25.2  0 .  0  10.0  52 ALPH C5 X KOLK CO 63 .4  33.4  14.2  6 .2  53 ALPH C5 X KOLK C5 63.0  32.2  6 .6  9 .3  54 ALPH C5 X LANC CO 55 .4  29.5  7 .3  13.2  55 ALPH C5 X LANC C5 64 .5  28.5  0  .9  7 .7  
56 ess  S X LANC CO 52 .3  30.3  1 .1  5 .0  57 BSSS X LANC C5 60 .7  28.6  2 .8  2 .  1  58  BSSS(HT)C7 X LANC CO 68 .8  28.7  3 .0  6 .3  59 aSSS(HT|C7 X LANC C5 68.9  25.  7  0 .8  1 .1  60 KOLK CO X LANC C5 64 .3  30.2  6 .0  8 .1  6  1 KOLK CO X LANC C5 57.4  32.7  2 .0  5 .0  62 KOLK C5 X LANC CO 59 .8  29.9  1 .1  6 .6  63 KOLK C5 X LANC CO 61 .3  31.2  6 .8  8 .  1 64  M017 X BSSS 66.2  30.  1  0 .  1 1 .9  65 M017 X 8SSSCHT)C7 74.0  26.5  0 .1  0 .0  66 B14A X ALPH CO 59 .8  20.0  1 .1  6 .8  67 B14A X ALPH CS 62 .2  23.3  0 .  1  0 .2  68 873 X ALPH CO 64 .0  24.6  1 .0  1 .9  69 873 X ALPH C5 75.2  27.5  0 .9  1 .9  70 M017 X ALPH CO 58 .7  28.3  1 .1  0 .  0  71 M017 X ALPH C5 69 .2  31.0  0  .0  3 .5  72 873 X MO 17  81.2  25.9  0 .0  7 .9  
A VG 58 .4  29.8  3 .1  5 .9  
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TABLE 24. (CONTINUED) MARTINSBURG, 1974 (EXPERIMENT 
40811 ) 
ENTRY YD MO RTLO STLO 
1 KOLK CO 47 .0  26.5  39.4  13.6  
2  KOLK CI 47 .2  28.9  16.8  14.4  
3  KOLK C2 43.4  2  8 .4  8 .2  21.7  
4  KOLK C3 50 .3  27.6  11.0  9 .  7  
S  KOLK C4 SI .8  27.1  15.5  11.1  
6  KOLK C5 45 .4  27.  2  25.3  22.0  
7  LANC CO 45 .8  24.4  30.5  47.6  
a LANC CI 45 .7  24.2  27.8  37.0  9 LANC C2 45.9  24.0  24.9  28.4  
1 0  LANC C3 41 .3  23.2  41 .3  47.3  11 LANC C4 41.7  22.5  27.5  28.2  
1 2  LANC C5 36 .1  24.1  41.9  34.9  
13 KOLK CO X KOLK CS 60 .3  25.7  28.2  26.0  
14 LANC CO X LANC CS 53.7  24.3  26.3  36.8  
1 5  KOLK CO X LANC CO 65 .1  25.1  39.  1  19 .0  
16 KOLK CO X LANC CO 57 .5  24.8  34.3  27.7  
1 7 KOLK CI X LANC CI 75 .0  27.  3  16.8  21.7  
1 8  KOLK C2 X LANC C2 64 .2  25.5  13.9  36.6  
19 KOLK C3 X LANC C3 67.9  25.3  20.6  14.8  
20 KOLK C4 X LANC C4 65 .  1  24 .4  10.6  33.  1  
21  KOLK C5 X LANC CS 69 .3  25.7 29.4  34.2  
22 KOLK C5 X LANC CS 75.4  24.9  34.0  30.2  
23 HY X KOLK CO 68 .9  26.2  35.3  18.3  
24 HY X KOLK CI 68 .  6  27.7  12.2  12.8  
25 HY X KOLK C2 70.3  26.  8  13.9  13.4  
26 HY X KOLK C3 76.1  26.0  12.7  14.4  
27 HY X KOLK C4 77.9  26.1  16.2  15.6  
29 HY X KOLK CS 74.8  25.5  18.0  25.7  
29 rî V X LANC CO 67=0 24.6  21 .0  26.9  
30 HY X LANC CI 70 .2  25.  2  5 .  2  10.4  
31 HY X LANC C2 81 .4  25.0  12.2  16.4  
32 HY X LANC C3 73.8  24.9  20.0  19.6  
33 HY X LANC C4 81 .3  24.  8  14.6  18.3  
34 HY X LANC C5 75 .6  24.5  12.4  28.6  
35 HY X MOl 7  79.  7  26.1  7 .4  3 .7  
36 B14A X KOLK CO 74 .7  21.6  9 .0  4 .  1  
37  B14A X KOLK CS 77 .7  21 .9  6 .9  5 .9  
38 814A X LANC CO 77 .  1  21 .9  19.  0  15 .3  
39 B14A X LANC CS 75 .7  21.7  7 .3  9 .0  
40 873 X KOLK CO 87.8  24.1  33.6  0 .9  
573 ; K KOLK CS SS«7 24s  9  13e8 6 .4  
42 873 X LANC CO 83 .5  23.4  27.4  7 .4  
43 873 X LANC CS 85.0  22.8  16.9  10.8  
44 M017 X KOLK CO 74 .4  24.8  11.4  7 .0  
45 MO 17  X KOLK CS 75 .8  25.7  12.6  6 .4  
46 MOl 7  X LANC CO 71 .5  24.  9  10.8  1 5 .1  
47 MOl 7  X LANC CS 72 .4  24.0  23.7  19.8  
48 ALPH CO X KOLK CO 45 .0  25.3  41 .8  19.4  
49 ALPH CO X KOLK CS 64.9  23.8  40.2  38.2  
SO ALPH CO X LANC CO 59 .9  24.6  35.1  30.8  
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TABLE 24. (CONTINUED) MARTINSBUR6, 1974 (EXPERIMENT 
40811) 
ENTRY 
51 ALPH CO X LANC C5 
5 2  ALPH C5 X KOLK CO 
53 ALPH C5 X KOLK C5 
54  ALPH C5 X LANC CO 
5  5  ALPH C5 X LANC C5 
56 ass  S X LANC CD 
57  BSSS X LANC C5 
58  eSSS<HT)C7 X LANC CO 
5  9  SSSS<HT)C7 X LANC CS 
6  0  KOLK CO X LANC C5 
61 KOLK CO X LANC C5 
62  KOLK C5 X LANC CO 
63  KOLK CS X LANC CO 
64 M017 X BSSS 
65  MOl7 X aSSS(HT)C7 
66 614A X ALPH CO 
67  814A X ALPH CS 
68  873 X ALPH CO 
69 873 X ALPH C5 
7  0  MO 17  X ALPH CO 
7  1  MOI 7  X ALPH CS 
72 873 X M017 
AVG 
YD MO • RTLO STLO 
62.1  22.7  19.5  38.0  
66.4  25.8  27.5  18.7  
73.8  25.0  30.9  31.5  
61 .2  26.3  35.5  41.0  
75.3  23.5  34.2  21.8  
63.4  24.0  32.9  22c8 
76.0  22.8  16 . 4  18.9  
84.3  24.  1  29 .  1  16 .7  
78.3  24.0  25.9  18.4  
68.4  25.  1  27 .  2  21.2  
63.6  24.6  28.4  25.6  
66.0  24.7  30.1  40.9  
69.2  25.1  41.0  46.7  
87.0  23.9  2 .5  5 .2  
83.  1 24 .1  3 .8  0 .8  
73.0  21.3  13.4  10.5  
82.0  21.1  6 .6  3 .6  
73.8  23.  4  26.7  10.5  
77.6  22.7  13.5  11.4  
72.0  24.1  6 .4  8 .9  
73.6  24.6  13.5  8 .9  
90.2  22.9  0 .4  0 ,8  
67.9  24.  7  21.4  20.0  
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TABLE 24. (CONTINUED) AGRONOMY FARM, 1975 (EXPERIMENT 
50511 ) 
ENTRY YD MO RTLO STLO 
1 KOLK CO 57 .3  24.3  51.5  20.1  
2  KOLK CI 44 .9  27.  8  28.2  14.2  
3  KOLK C2 51 .7  26.6  39.6  31.6  
4  KOLK C3 49.4  27.6  26.0  22.9  
5  KOLK C4 49 .9  25.  2  37.8  10.9  
6  KOLK C5 57 .8  24.7  22.1  20.8  
7  LANC CO 60.3  21.4  36.6  48.9  
8  LANG CI 51 .3  21.0  41.  1  13 .4  
9  LANC C2 49.9  21.0  40 .2  44.2  
10 LANC C3 60.3  21.  5  42.5  23.8  
1  1  LANC C4 45 .7  21.5  24.  1  21 .2  
12 LANC cs 57.  1 21 .8  25.8  50.9  
1 3  KOLK CO X KOLK CS 70 . 4  26.1  41.4  19.7  
14 LANC CO X LANC C5 60 .1  20.3  20.0  30.5  
15 KOLK CO X LANC CO 59 .3  24.4  33.5  29.1  
16 KOLK CO X LANC CO 58 .8  23.3  37.5  39.8  
1 7  KOLK CI X LANC CI 65 .0  25.0  54.0  19.9  
18 KOLK C2 X LANC C2 67 .9  23.6  21.4  26.4  
1 9  KOLK C3 X LANC C3 76 .7  24.3  35.2  45.9  
20 KOLK C4 X LANC C4 73 .5  22.6  33.5  25.9  
21 KOLK C5 X LANC CS 74 .8  22.  1  45 .3  30.5  
22 KOLK C5 X LANC CS 78 .9  22.4  40.8  29.6  
23 HY X KOLK CO 66.6  25.7  60.7  24.7  
24 HY X KOLK CI 78 .9  27.0  27.9  17.2  
25 HY K KOLK C2 72 .9  24.4  61 .6  9 .4  
26 HY X KOLK C3 75.  7  25.1  47.4  19.4  
27 HY X KOLK C4 78.8  25.1  36.8  20.  1  
28  HY X KOLK CS 81 .7  24.3  49.5  20.4  
29 W X LAN C CO 72=9 22.  5  •40.  S  31 .4  
30 HY X LANC CI 73 .0  24.0  24.8  18.3  
31 HY X LANC C2 86.  1  23 .  1 22 .9  33.8  
32 HY X LANC C3 75.0  23.  1  26 .3  21.8  
33 HY X LANC C4 82 .7  22.2  25.7  15.5  
34 HY X LANC CS 81.6  22.1  43.  1  18 .4  
35 HY X M017 79 .0  23.3  46.4  22.8  
36 B14A X KOLK CO 73 .8  23.2  30 .0  13.2  
37 814A X KOLK CS 88.  8  22.  1  10 .3  7 .3  
38 B14A X LANC CO 72 .7  21.4  21.8  8 .0  
39 B14A X LANC CS 78.7  20.7  10.8  5 .4  
40 B73 ;  K KOLK CO 95.  1 24 .4  45.8  9 .4  
4 i  S7 3  i K KOLK CS 89=8 23,4  49.0  4 .8  
42 873 K LANC CO 87.0  21.5  46.0  22.1  
43 873 i  K LANC CS.  86 .  1 21 .8  33.3  14.7  
4 4  MO 17 X KOLK CO 87 .3  23.4  50.3  21.2  
45 M017 X KOLK CS 87 .6  23.6  56.6  19.2  
46 M017 X LANC CO 78 .2  22.7  22. 1 45.4  
47 M017 X LANC C5 96 .0  21.1  39.7  38.5  
48 ALPH CO X KOLK CO 55 .2  24.  9  54.  7  30 .9  
49 ALP H CO X KOLK C5 64 .4  23.2  55.0  33.2  
SO ALPH CO X LANC CO 55.  0  22 .0  51 .5  35.4  
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TABLE 24. (CONTINUED) AGRONOMY FARM, 1975 (EXPERIMENT 
50511) 
ENTRT YD MO RTLO STLO 
51 ALPH CO X LANC C5 59.2  21.3  55.  0  20 .4  
52 ALPH C5 X KOLK CO 83 .8  24.0  35.6  26.7  
53 ALPH C5 X KOLK C5 87 .9  25.8  47.4  20.8  
54 ALPH CS X LANC CO 74 .3  22.  5  37.  1  33 .9  
55 ALPH C5 X LANC CS 87 .8  23.2  49.4  16.7  
56 assS X LANC CO 78 .  1  21 .6  39.3  24.4  
57 8SSS X LANC C5 77 .6  22.3  25.0  23.9  
56 aSSSCHT)C7 X LANC CO 96 .3  23.0  56.9  17.3  
59 aSSS(HT)C7 X LANC CS 90.3  21.  8  35.2  10.5  
60 KOLK CO X LANC CS 74 .7  23.6  53.7  21.4  
6  1 KOLK CO X LANC CS 80 .4  22.7  60.0  17.0  
62 KOLK CS X LANC CO 67 .5  23.5  44.7  1 9 .  1 
63  KOLK CS X LANC CO 74 .9  23.2  53.0  23.2  
64 MO 17  X BSSS 93.5  22.7  28.7  21 .8  
65 M017 X BSSS(HT)C7 103.0  22.8  27.9  6 .9  
66 814A X ALPH CO 77 .7  19.0  25.8  20.2  
67 B14A X ALPH C5 89.  7  21 .5  24.2  9 .6  
68 873 X ALPH CO 73 .8  21.9  29.6  22.0  
69 873 X ALPH C5 98.7  22.2  53.9  8 .9  
70 MO 17  X ALPH CO 75 .2  22.  0  37 .3  32.9  
71 N017 X ALPH CS S4 .S 23.6  46.9  38.7  
72 873 X MQ17 98 .2  21.4  47.8  9 .0  
AVG 74.3  23.1  38.7  22.9  
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TABLE 24. (CONTINUED) MARTINSBURG, 1975 (EXPERIMENT 
50811 ) 
ENTRY YD MO RTLO STLO 
1 KOLK CO 44 .5  19.0  19.8  11 .0  
2  KOLK CI 25 .8  20.8  14.9  12.6  
3  KOLK C2 36.6  19.7  9 .1  15.0  
4  KOLK C3 36.8  20.2  11.9  18.4  
5  KOLK C4 51 .5  18.  1  7 .0  15.  1  
6  KOLK C5 35.2  19.3  13.9  23.5  
7  LANC CO 32 .1  17.0  8 .0  28.6  
8  LANC CI 42 .1  16.1  2 .2  16.0  
9  LANC C2 44.6  16.6  3 .4  18.0  
10 LANC C3 42.0  16.  1  2 .2  20.7  
1 1  LANC C4 39.7  16.7  2 .3  20.6  
12 LANC CS 39 .2  16.  6  6 .  7  19 .8  
13 KOLK CO X KOLK C5 55 .4  19.  1  15 .2  16.8  
14 LANC CO X LANC C5 51.0  16.2  3 .6  26.3  
1 S  KOLK CO X LANC CO 52 .6  18.0  20.3  1 8 .9  
16 KOLK CO X LANC CO 55 .0  18.3  7 .5  20.6  
17 KOLK CI X LANC CI 55 .9  17.9  5 .6  10.8  
18 KOLK C2 X LANC C2 61 .9  18.2  4 .5  17.9  
19 KOLK C3 X LANC C3 59 .0  17.3  6 .2  22.0  
20 KOLK C4 X LANC C4 67 .5  17.0  11.9  26.3  
21 KOLK C5 X LANC C5 67 .6  17.6  11.8  15.2  
22 KOLK C5 X LANC C5 64 .2  17.5  14.5  18.4  
23 HV X KOLK CO 50 .9  18.9  11.4  11.7  
24 HV X KOLK CI 54 .3  20.1  10.8  5 .1  
25 HY X KOLK C2 61.  1  19 .1  6 .6  1 1 .6  
26 HY X KGLK C3 68 .9  18.1  14.  1  12 .9  
27 HY X KOLK C4 72 .4  17.6  12.0  11.9  
28 HY X KCH.K CS 65 .7  17.  8  27.3  23.3  
29 HY X LANC CO 69 .7  16.6  8 .4  16*2 
30 HY X LANC CI 64 .0  16.7  4 .2  14.1  
31 HY X LANC C2 76.8  16.6  1 .5  7 .3  
32 HY X LANC C3 75.2  16.9  8 .8  15.3  
33 HY X LANC C4 73.4  16.7  5 .6  1 1  .8  
34 HY X LANC C5 76.0  17.0  3 .2  4 .6  
35 HY X MOl 7  82 .5  16.9  4 .9  4 ,6  
36 B14A X KOLK CO 66 .  0  16.5  4 .  8  5 .2  
37 B14A X KOLK C5 79 .8  16.3  4 .0  5 .6  
32 s:4A X LANC CO 78.  1  15 .3  2 .2  5 .6  
39 B14A X LANC C5 75 .7  15.6  0 , 0  3.  1  
40  B73 ; K KOLK CO 79 .4  17.1  3 .2  4 .9  
41 373 : X KOLK CS 85.0  1  7 .9  5 .1  12.2  
42 073 i X LANC CO 76 .8  16.4  3 .6  6 .5  
43 B73 X LANC CS 78.1  16.5  6 .2  7 .0  
44 MO 17  X KOLK CO 60 .6  17.6  1 .5  5 .7  
45 MOl 7  X KOLK C5 76 .8  17.9  7 .6  11.1  
46 M017 X LANC CO 70 .8  16.7  6 .9  16.6  
47 M017 X LANC C5 70 .4  J 7 .0  2 .5  3 .0  
48 ALPH CO X KOLK CO 39 .2  18.1  10 .8  22.0  
49 ALP H CO X KOLK C5 59.0  16.4  11 .5  29.7  
50 ALPH CO X LANC CO 42 .3  15.8  19.7  16.5  
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TABLE 24. (CONTINUED) MARTINSBURG, 1975 (EXPERIMENT 
50811 ) 
ENTRY YD MO RTLO STLO 
51 ALP H CO X 4 .  ANC CS 51 .0  15.7  10.4  19.3  
52 ALP H es  X KOL.K CO 60 .6  18.3  29.8  24.0  
53 ALPH C5 X KOLK CS 73.  1 18 .  1  21 .4  27.0  
54 AL.PH C5 X LANC CO 56 .8  16.7  9 .4  34.6  
55 ALPH C5 X LANC CS 67 .4  16.6  8 .3  16.1  
56 aSSS X LANC CO 61  .8  17.4  14.5  19.4  
57 ass S X LANC C5 70 .4  17.0  4 .3  10.9  
58 BSSS{HT)C7 X LANC CO 70.2  17.3  7 .5  11.5  
59 8SSS(HT)C7 X LANC CS 77 .9  16.8  5 .4  9 .5  
60 KOLK CO X LANC CS 59 .3  16.8  14.6  17.4  
61 KOLK CO X LANC CS 63 .3  17.  1  5 .6  17.  1  
62  KOLK C5 X LANC CO 60 .1  19.1  17.4  31.5  
63 KOLK CS X LANC CO S9.0  16.9  18.7  19.6  
64 MO 17  X BSSS 78.5  17.2  2 .2  3 .5  
65 MOl7 X BSSS<HT)C7 78.1  16.8  0 .3  8 .5  
66 B14A X ALPH CO 68 .3  15.0  2 .2  9 .6  
67 B14A X ALPH C5 79 .0  16.3  8 .9  5 .8  
68 B73 X ALPH CO 68.4  17.0  3 .7  7 .2  
69 873 X ALPH CS 87.9  16.7  6 .9  4 .9  
70 MOl 7  X ALPH CO 65 .0  16.3  7 .5  15.4  
71 MOl7 X ALPH C5 78.8  17.S 15.2  15.4  
72 873 X M017 88  .  8 16.6  1 .6  3 .2  
AVG 62.7  17.3  0»
 
.
 
14 .6  
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TABLE 25. MEAN VALUES FOR AGRONOMIC TRAITS COMBINED OVER 
5 ENVIRONMENTS, 1974-75 
ENTRY YD MO RTLO STLO 
1  KOLK CO 48 .5  26.8  33.2  11.5  
2  KOLK CI 40.  1  30 .3  15.9  10.6  
3  KOLK C2 43.9  28.6  14.0  16.3  
4  KOLK C3 45 .3  29.0  13.2  15.6  
5  KOLK C4 49.7  27.5  15.8  13.3  
6  KOLK C5 47 .5  27.8  15.7  18.5  
7  LANC CO 47.0  22.5  19.3  32.1  
8  LANC CI 46 .7  22.  5  17.7  20.0  
9  LANC C2 46 .6  22.9  14.9  24.2  
10 LANC C3 45.9  21.  7  18.6  25.1  
1 I  LANC C4 42 .4  21.8  11.8  19.9  
1 2  LANC C5 43.  1  22 .4  17.8  28.3  
13 KOLK CO X KOLK C5 63.  1  26 .8  25.7  15.5  
14 LANC CO X LANC C5 55 .2  22.1  11 .6  23.8  
15 KOLK CO X LANC CO 58.8  24.9  24.1  15.9  
16 KOLK CO X LANC CO 59 .0  24.8  23.9  21.0  1 7  KOLK CI X LANC CI 64 .6  26.1  16.8  12.3  
18 KOLK C2 X LANC C2 64.0  24.  8  Si  T 19.0  
1 9  KOLK C3 X LANC C3 69 .1  24.6  14.4  19.7  
20 KOLK C4 X LANC C4 68 .6  24.0  11 .7  19.2  
21 KOLK C5 X LANC C5 70.3  24.  7  19.5  20.  1  
22  KOLK C5 X LANC C5 73 .5  24.0  20 .2  19.2  
23 HY X KOLK CO 63.  7  25 .9  24.7  12.5  
24 HY X KOLK CI 64 .4  27.4  12.4  7 .6  
25 HY X KOLK C2 68 .8  26.1  17.5  8 .9  
26 HY X KOLK C3 72.6  25.9  18.9  11.5  
27 HY X KOLK C4 75 .0  25.4  13.7  11.8  
28 HY X KOLK C5 75.8  25.2  19.7  15.5  
29 HY X LANC CO 67 .9  24.  4  16.5  17.7  
30 HY X LANC CI 65 .2  24.6  7 .2  10.1  
31 HY X LANC C2 76.4  23.8  7 .7  13.9  
32 HY X LANC C3 72 .6  23.4  11.7  16.  1 
33  HY X LANC C4 77.6  23.6  9 .1  10.5  
34 HY X LANC C5 76.  8  23.  5  12.6  12.3  
35 HY X MOl 7  74 .5  24.7  12.8  6 .4  
36 B14A X KOLK CO 65 .5  22.3  9 .3  4 .7  
37 B14A X KOLK C5 79 .0  22.2  4 .6  4 .4  
38 B14A X LANC CO 73 .7  20.7  9 .1  5 .9  
39 814A X LANC C5 76.  7  20 .4  3 .5  4 .5  
40 873 ; K KOLK CO 84.6  24.  1  18 .9  3 .7  
41 B73 X KQL» (  CS 86.0  24.7  15.3  5 .3  
42 B73 X LANC CO 63.5  22.  3  19.  1  8 .7  
43 B73 : K LANC C5 82.7  22.5  11.6  6 .6  
44 M0I7 X KOLK CO 72 .9  24.7  15.1  7 .1  
45 M017 X KOLK CS 78 .7  25.  i  15.7  8 .0  
46 MOl 7  X LANC CO 72 .1  23.2  8 .3  17.4  
47 M017 X LANC C5 79.8  22.3  13.8  12.9  
48 ALP H CO X KOLK CO 47 .6  24.6  25.6  18.3  
49 ALP H CO X KOLK CS 63 .9  23.4  24.8  24.5  
50 ALP H CO X LANC CO 53.6  22.4  25.  5  19.9  
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TABLE 25. (CONTINUED) 
1 ™ 1 
ENTRy YD MO RTLO STLO 
51 ALPH CO X LANC C5 60 .5  21.5  18.5  21.2  
52 ALPH C5 X KOLK CO 69 .9  25.7  27.3  16.3  53 ALPH C5 X KOLK C5 79.3  25.6  26.2  18.1  54 ALPH C5 X LANC CO 65 .4  23.6  18.7  26.  7  
55 ALPH C5 X LANC C5 75 .7  22.9  19.9  14.2  
56 BSSS X LANC CO 67 .4  23.4  18.9  15.1  
57 ass  S X LANC CS 73 .9  23.  1 10 .6  11.8  58 BSSS(HT)C7 X LANC CO 82 .5  23.5  19.9  11 .7  59 BSSSCHT)C7 X LANC C5 81.5  22.4  14.6  8 .5  
60 KOLK CO X LANC CS 67 .6  24.0  23.7  14.4  6  1  KOLK CO X LANC CS 67.2  24.4  22.1  14.9  
62 KOLK C5 X LANC CO 63 .8  2 4 .5  23 . 4  22.6  63 KOLK C5 X LANC CO 67 .7  24.2  27.0  21.3  64 MOI 7  X  BSSS 83.1  23.7  6 .8  6 .7  
65 M017 X BSSS(Hr}C7 87.0  23.1  6 .5  3 . 4  
66 814A X ALPH CO 72 .3  19.1  8 .9  9 .4  
67 B14A X ALPH C5 80 .8  20.9  8 .4  4 .0  
68 B73 X  ALPH CO 70 .6  22.0  13.0  9 .0  
69 873 X ALPH C5 86.4  22.7  17.4  5 .8  
70 M017 X ALPH CO 69 .2  23.0  11.1  12.3  
71 M017 X ALPH C5 80 .5  24.3  16.2  13.5  
72 B73 X MO 17  92.3  22.  1  10 .6  4 .2  
AVG 67.6  24 .0  16.1  14.1  
Table 26. Analyses of variance for agronomic traits, Agronomy Farm, 1974 (Experi­
ment 40511) 
Source 
Mean squares 
d. f. Yield Moisture Root lodging Stalk lodging 
Replications 
Entries 
Unadjusted 
Adjusted 
Blocks 
Error 
RCBD 
Effective 
L.S.D.(0.05) 
C.V.(%) 
2 1.479.39 
71 719.03** 
71 718.40** 
24 94.06 
142 60.70 
118 57.85 
12.4 
10.2 
73.03 
15.41** 
15.48** 
1.34 
0 . 8 6  
0 . 8 2  
1.5 
3.6 
516.46 
203.36** 
206.57** 
87.94 
47.51 
43.03 
10.7 
74.9 
1,032,56 
133.92** 
134.46** 
34.80 
31.50 
31.42 
9.2 
79.3 
**Significant at the .01 level. 
Table 26. (continued) Atomic Energy Plant, 1974 (Experiment 40611) 
Mean squares 
Source d.f, Yield Moisture Root lodging Stalk lodging 
Replications 
Entries 
Unadjusted 
Adjusted 
Blocks 
Error 
RCBD 
Effective 
L.S.D.(0.05) 
C.V.(%) 
71 
71 
24 
142 
a 
9.90 
315.02** 
315.02** 
17.86 
27.36 
27.36 
(142) 
8.5 
9.0 
2.33 
46.31** 
46.31** 
3.49 
3.99 
3.99 
(142) 
3.3 
6.7 
62.42 
38.42** 
38.17** 
13.96 
1 2 . 8 8  
1 2 . 8 6  
(118) 
5.9 
116.3 
105.55 
61.36** 
60.96** 
32.41 
29.26 
29.19 
(118) 
8 . 8  
92.4 
^Effective error degrees of freedom varies with each trait and is given in 
parentheses below mean square. 
Table 26. (continued) Martinsburg, 1974 (Experiment 40811) 
Mean squares 
Source d.f. Yield Moisture Root lodging Stalk lodging 
Replications 
Entries 
Unadjusted 
Adjusted 
Blocks 
Error 
RCBD 
Effective 
L.S.D.(0.05) 
C.V. (7o) 
71 
71 
24 
142 
a 
70.32 
514.01** 
514.02** 
40.90 
32.97 
32.61 
(118) 
9.3 
8.4 
6 . 2 0  
7.90** 
7.90** 
0.54 
0.69 
0.69 
(142) 
1.4 
3.4 
175.70 
372.42** 
375.23** 
146.56 
98.05 
94.20 
(118) 
15.9 
45.4 
92.81 
418.80** 
435.71** 
146.36 
81.93 
75.10 
(118) 
14.2 
43.4 
Table 26. (continued) Agronomy Farm, 1975 (Experiment 50511) 
Mean squares 
Source d. f, Yield Moisture Root lodging Stalk lodging 
Replications 
Entries 
Unadjusted 
Adjusted 
Blocks 
Error 
RCBD 
Effective 
L.S.D.(0.05) 
C.V.(%) 
71 
71 
24 
142 
118 
180.54 
597.13** 
599.52** 
89.81 
58.73 
56.20 
12.2 
1 0 . 1  
48.30 
8.73** 
8.89** 
2.24 
1.15 
1 . 0 2  
1 . 6  
4,4 
4,758.00 
498.08** 
459.58** 
310.95 
245.60 
242.32 
25.4 
40.3 
1,973.88 
351.51** 
339.80** 
264.40 
156.50 
145.90 
19.7 
52.8 
Table 26. (continued) Martinsburg, 1975 (Experiment 50811) 
Mean squares 
Source d.f Yield Moisture Root lodging Stalk lodging 
Replications 
Entries 
Unadjusted 
Adjusted 
Blocks 
Error 
RCBD 
Effective 
L.S.D.(0.05) 
C.V.(%) 
71 
71 
24 
142 
118 
356.94 
649.35** 
648.24** 
76.26 
46.74 
43.99 
1 0 . 8  
1 0 . 6  
0.36 
4.11** 
4.04** 
0.59 
0.46 
0.46 
1 . 1  
3.9 
185.13 
127.21** 
119.56** 
56.94 
37.50 
35.90 
9.8 
68.9 
316,58 
165.79** 
170.59** 
89.50 
6 6 . 2 8  
64.84 
13.1 
55.3 
Table 27. Analyses of variance for agronomic traits combined over 5 environments 
Source d. f, 
Mean squares 
Yield Moisture Root lodging Stalk lodging 
Environments (env.) 4 11,094.31 4,351.94 44,014.54 12,394.09 
Replications/env. 10 419.42 26.05 1,139.54 704.28 
Entries (ent.) 
Unadjusted 71 2,493.89** 61.63** 569.81** 649.45** 
Adjusted 71 2,492.92** 61.64** 571.31** 656.87** 
Env. X Ent. 
Unadjusted 284 75.16** 5.21** 166.17** 120.48** 
Adjusted 284 75.57** 5.25** 156.70** 121.17** 
Pooled Error 
RCBD 710 45.31 1.43 88.31 73.09 
Effective a 42.97 1.47 85.66 69.29 
(614) (638) (590) (590) 
L.S.D.(0.05) 6.3 1.7 9.1 8.0 
C.V. (7o) 9.7 5.0 57.4 59.2 
^Effective error degrees of freedom varies with each trait and is given in 
parentheses below mean square. 
^^Significant at the .01 level. 
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Table 28. Combined analysis of variance over 5 environments 
with main effects partitioned to show the effects 
of cycles of selection on grain yield 
Source d. f. MS 
Environment (env.) 4 
Replications/env. 10 
Entries (ent.) 31 
Kolkmeier Cn(K) 
K£(linear) 
Kq(quadratic) 
Kj(deviations) 
Lancaster Cn(L) 
Ld 
Kolkmeier On x Lancaster Cn(KL) 
KLi 
KLq 
KLj 
Hy X Kolkmeier Cn(HK) 
HK£ 
HKq 
HKj 
Hy X Lancaster Cti(HK) 
HLp 
HL„ 
hl5 
Among Groups 
4,415.36 
141.32 
2,381.90 33. 52** 
185.20 3. 55 
136.08 2. 61 
199.21 3. 82 
196.90 3. 78* 
60.44 1. 16 
234.77 4. 50* 
13.21 25 
18.08 
• 
35 
424.09 8. 14** 
2,704.80 51. 88** 
37.70 . 72 
45.23 
• 
87 
413.63 7. 93** 
1,978.97 37. 96** 
10.04 19 
26.37 51 
401.39 7. 70** 
1,300.37 24. ,94** 
41.80 ,80 
221.58 4! ,25** 
16,391.75 230. ,71** 
*,**Significant at the .05 and .01 levels, respectively. 
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Table 28. (continued) 
Source d.f. MS 
Env. X Ent. 124 71.05 1.74** 
Env. X K 20 74.74 1.83* 
Env. X K£ 4 62.54 1.53 
Env. X Kq 4 33.78 .83 
Env. X Kj 12 92.45 2.26** 
Env. X L 20 53.10 1.30 
Env. X L£ 4 66.54 1.63 
Env. X Lq 4 76.35 1.87 
Env. X L5 12 40.87 1.00 
Env. X KL 28 47.29 1.16 
Env. X KL£ 4 85.06 2.08 
Env. X KLç 4 14.58 .36 
Env. X KLj 20 46.28 1.13 
Env. X HK 20 62.62 1.53 
Env. X HK£ 4 93.25 2.28 
Env. X HKç 4 56.98 1.39 
Env. X RKJ 12 54.29 1.33 
Env. X HL 20 24.85 .61 
Env. X HL£ 4 20.90 .51 
Env. X HLq 4 32.98 .80 
Env. X HLj 12 23.46 .57 
Env. X Among Groups 16 198.74 4.86** 
Pooled Error 310 40.87 
Total 479 
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Table 29. Combined analysis of variance over 5 environments 
with main effects partitioned to show the effects 
of cycles of selection on moisture percent 
Source d.f. MS F 
Environment (env.) 4 2,376.37 
Replications/env. 10 17.13 
Entries (ent.) 31 68.02 12.10** 
Kolkmeier Cn(K) 5 23.14 13.30** 
K^(linear) 1 1.93 1.11 
Kq(quadratic) 1 41.28 23.72** 
Kj(deviations) 24.17 13.89** 
Lancaster Cn(L) 5 3.18 1.83 
1 3.09 1.78 
Lq 1 .58 .33 
Ld 4.08 2.34 
Kolkmeier Cn x Lancaster Cn(KL) 7 6.43 3.70** 
KL£ 1 16.53 9.50** 
KLq 1 1.17 .67 
KLd 5.46 3.14* 
Hy X Kolkmeier Cn(HK) 5 8.96 5.15** 
HK£ 1 20.16 11.59** 
HKq 1 5.02 2.89 
HKd 3 6.55 3.76* 
Hy X Lancaster Cn(HK) 5 3.74 2.15 
HL£ 1 13.37 7.68** 
HLo 1 1.12 .64 
ELd 3 1.41 .81 
Among Groups 4 467.12 83.12** 
*,**Significant at the .05 and .01 levels, respectively. 
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Table 29. (continued) 
Source d. f. MS F 
Env. X Ent. 124 5.62 3.35** 
Env. X K 20 2.43 1.45 
Env. X K£ 4 .26 .15 
Env. X Ko 4 1.63 .97 
Env. X Kd 12 3.43 2.04* 
Env. X L 20 1.67 .99 
Env. X L£ 4 1.78 1.06 
Env. X Lq 4 1.44 .86 
Env. X Ld 12 1.71 1.02 
Env. X KL 28 1.41 .84 
Env. X KLi 4 1.27 .76 
Env. X KLQ 4 1.05 .63 
Env. X KLJ 20 1.51 .90 
Env. X HK 20 .50 .30 
Env. X HK£ 4 .28 .17 
Env. X HKq 4 .49 .29 
Env. X hîCci 12 .57 .34 
Env. X HL 20 2.85 1.70* 
Env. X HL£ 4 4.85 2.89* 
Env. X HLo 4 7.10 4.23** 
Env. X HLd 12 .76 .45 
Env. X Among Groups 16 31.76 18.90** 
Pooled Error 310 1.68 
Total 479 
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Table 30. Combined analysis of variance over 5 environments 
with main effects partitioned to show the effects 
of cycles of selection on root lodging 
Source d.f. MS F 
Environment (env.) 4 17,220-40 
Replicat ions/env. 10 611.91 
Entries (ent.) 31 438.49 2.79** 
Kolkmeier Cn(K) 
K£ (linear) 
Kq(quadratic) 
Kd(deviations) 
5 853.84 
1 1,682.13 
1 1,931.43 
3 218.55 
7.28** 
14.35** 
16.48** 
1.86 
Lancaster Cn(L) 
Ll 
5 119.48 
1 99.05 
1 86.43 
3 137.31 
1.02 
.84 
.73 
1.17 
Kolkmeier On x Lancaster Cn(KL) 7 
KL£ 
KLo 
KLrf 
429.38 
1 339.30 
1 2,358.78 
5 61.52 
3.66** 
2.89 
20.12** 
.52 
Hy X Kolkmeier Cti(HK) 
HU 
HKq 
HKd 
5 295.46 
1 83.16 
1 451.80 
3 314.12 
2.52* 
.71 
3.85 
2.68* 
Hy X Lancaster Cn(HK) 
HL& 
ULo 
HLd 
5 186.00 
1 20.58 
1 475.46 
3 144.65 
1.59 
.18 
4.06* 
1.23 
Among Groups 4 828.38 5.27** 
*,**Significant at the .05 and .01 levels, respectively. 
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Table 30. (continued) 
Source d.f. MS 
Env. X Ent. 124 157.23 
Env. X K 20 126.20 
Env. X K£ 4 94.80 
Env. X Kq 4 265.65 
Env. X Kd 12 90.18 
Env. X L 20 83.26 
Env. X Lz 4 170.16 
Env. X Lq 4 126.36 
Env. X Ld 12 39.92 
Env. X KL 28 136.26 
Env. X KL£, 4 147.20 
Env. X KLq 4 163.85 
Env. X KLd 20 128.55 
Env. X HK 20 179.55 
Env. X HK£ 4 184.35 
Env. X HKq 4 135.16 
Env. X HKj 12 192.75 
Env. X HL 20 53.26 
Env. X HL£ 4 12.69 
Env. X HLq 4 171.64 
Env. X HLrf 12 27.33 
Env. X Among Groups 16 427.21 
Pooled Error 310 80.61 
Total 479 
1.95** 
1.57* 
1.18 
3.30* 
1.12 
1.03 
2.11 
1.57 
.50 
1.69* 
1.83 
2.03 
1.59* 
2.23** 
2.29 
1.68 
2.39** 
. 6 6  
.16 
2.13 
.34 
5.30** 
142 
Table 31. Combined analysis of variance over 5 environments 
with main effects partitioned to show the effects 
of cycles of selection on stalk lodging 
Source d.f. MS 
Environment (env.) 4 
Replications/env. 10 
Entries (ent.) 31 
Kolkmeier Cn(K) 
K£(linear) 
Kq(quadratic) 
Kd(deviations) 
Lancaster Cn(L) 
LZ 
Kolkmeier On x Lancaster Cn(KL) 
KLl 
KLo 
KLd 
Hy X Kolkmeier C^(HK) 
HK£ 
HKq 
HKd 
Hy X Lancaster Cti(HL) 
ULZ 
HLq 
HLd 
Among Groups 
6,166.83 
409.56 
483.86 3.74** 
5 
1 
1 
137.58 
385.23 
.40 
100.75 
1.42 
3.98* 
.01 
1.04 
5 
1 
1 
338.80 
72.55 
752.15 
289.77 
3.50** 
.75 
7.78** 
3.00 
7 
1 
1 
120.77 
139.44 
16.90 
137.81 
1.25 
1.44 
.17 
1.43 
5 
1 
1 
116.46 
195.44 
271.61 
38.42 
1.20 
2.02 
2.81 
.40 
5 
1 
1 
3 
139.60 
119.35 
15.78 
187.62 
1.44 
1.23 
.16 
1.94 
4 2,623.05 20.29** 
*,**Significant at the .05 and .01 levels, respectively. 
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Table 31. (continued) 
Source d.f. MS 
Env. X Ent. 124 129.27 1.53** 
Env. X K 20 71.69 .85 
Env. X 4 68.54 .81 
Env. X Ko 4 32.78 .38 
Env. X Kd 12 85.81 1.01 
Env. X L 20 193.71 2.29** 
Env. X Lz 4 65.43 .77 
Env. X Lq 4 191.57 2.27 
Env. X Ld 12 236.29 2.80** 
Env. X KL 28 95.29 1.13 
Env. X KL£ 4 43.50 .52 
Env. X KLq 4 10.79 .13 
Env. X KLrf 20 122.55 1.45 
Env. X HK 20 39.35 .47 
Env. X HK£ 4 46.41 .55 
Env. X HK(^ 4 72.44 .86 
Env. X HKd 12 25.96 .31 
Env. X HL 20 84.50 1.00 
Env. X HL£ 4 109.72 1.30 
Env. X HLq 4 104.13 1.23 
Env. X HLd 12 69.55 .82 
Env. X Among Groups 16 349.18 4.13** 
>oled Error 310 84.46 
Total 479 
TABLE 32. MEAN VALUES FOR PLANT AND EAR TRAITS, 
AGRONOMY FARM, 1974 (EXPERIMENT 40512) 
ENTRY TO SO PH EH 
1 KOLK CO 25 6 31.3 222.5 120.8 
2 KOLK C 1 29 1 35.6 210.7 113.4 
3 KOLK C2 29 5 33.8 207.3 111.5 
4 KOLK C3 30 4 33.0 217.6 119. 1 
5 KOLK C4 27 2 32.5 215.7 110.2 
6 KOLK C5 31 4 36.4 199.1 1 13.3 
7 LANC CO 21 5 25.9 202.0 88.0 
8 LANC CI 2 1 6 26.4 169.6 77.5 
9 LANC C2 24 3 27.1 189.5 92.0 
1 0 LANC C3 22 9 25.2 180.5 83.6 
1 1 LANC C4 23 1 26.0 187.9 90.4 
1 2 LANC C5 22 6 25.4 174.7 88.4 
1 3 KOLK CO X KOLK C5 27 1 30.0 227.7 121.8 
14 LANC CO X LANC C5 21 6 25.1 199.8 97.4 
1 5 KOLK CO X LANC CO 24 2 28.2 220.3 11 1.5 
1 6 KOLK CO X LANC CO 22 7 Z8.i 213.9 104.5 
1 7 KOLK CI X LANC CI 24 5 28.6 231.7 1 14.0 
1 8 KOLK C2 X LANC C2 24 4 27.0 210.9 104.6 
19 KOLK C3 X LANC C3 24 6 27.4 220.6 109.4 
20 KOLK C4 X LANC C4 24 7 26.6 216.2 105.5 
21 KOLK C5 X LANC C5 25 4 26.7 22 1.3 114. 1 
2if KOLK CS X LANC C5 23 b 26. 1 215.1 106.7 
23 HY X KOLK CO 23 8 26.3 228.5 122.7 
24 HY X KOLK CI 25 9 29.6 233.0 121 .2 
25 HY X KCLK C2 24 2 26.9 232.6 123.9 
26 HY X KOLK C3 24 6 27.7 232.6 122.2 
27 HY X KOLK C4 25 6 29.2 232.8 125.6 
28 HY X KCLK C5 25 0 28.5 231 .8 123.7 
29 HY X LANC CO 21 b 24.0 219.7 105.3 
3 0 HY X LANC Ci 22 1 25.2 229.4 110.6 
3 1 HY X LANC C2 21 6 25. 1 225. 1 112.6 
32 HY X LANC C3 22 0 24.9 221.3 112.3 
33 HY X LANC C4 22 2 24.9 227.5 112.2 
34 HY X LANC C5 21 9 25.2 228.3 1 13.8 
35 HY X MOl 7 22 5 24.7 210.5 98.9 
36 814A X KOLK CO 24 0 26.8 219.1 102.3 37 81 4A X KOLK C5 24 6 26.3 211.0 100.5 
38 B14A X LANC CO 21 5 ^4.3 206.8 91.4 
39 ai4A X LANC C5 21 9 24.0 209.4 95.2 
40 873 X KOLK CO 24 0 27.0 223. 1 1 12.5 
41 873 X KOLK C5 25 5 27.2 231.6 118.2 
42 573 X LANC CO 22 i 23.5 210.6 101.4 
43 B73 X LANC C5 21 4 23.7 215.4 103.2 
44 MÛ1 7 X KCLK CO 22 7 26.1 209.6 105.5 
45 MOI 7 X KOLK C5 25 3 27.6 2 16.4 107.8 
4 O MOI 7 X LANC CO 21 4 24.2 196.7 95.6 
47 MOI 7 X LANC C5 22 3 24. 1 199. 1 96.3 
48 ALP H CO X KOLK CO 22 9 2c.8 214.8 110.4 
49 Al_PH CO X KOLK Cb 23 4 26.8 215.6 105. 1 
50 ALPH CO X LANC CO 21 3 24.8 209.3 97.9 
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63.5 1 .0 18.2 18 a  4.7 C.9 74.3 69. 0 
46. 4 1.1 1 5.9 15 3 4.6 1 .1 72.3 60.3 
43,9 1.2 14. 7 14 6 4. 7 1.0 67.7 65.1 
58. 6 1 .2 1 b.6 15 1 5.2 1.3 74.3 60.3 
57. 1 1,3 17.0 14 7 5.5 1.4 74.7 62.7 
30.2 1 ,3 15.1 13 7 5,2 1.3 70.0 59. 0 
49. C 1.1 1 5.0 18 r  4,5 0.8 71 .7 78. 1 
49.6 1.2 1 b.b 16 9 4, 9 1.1 70.7 59.2 
47. 7 1 .3 13.8 14 8 4,8 1.1 73.0 62.7 
45. b 1.3 1 3.4 15 6 4,9 1 .1 71.0 61.7 
49. a 1 .2 1 3.6 16 7 5,2 1.2 70.7 69. 1 
44. 1 1.1 12.5 16 7 4.6 0 .9 71.7 67.6 
73. 6 1 .2 19.0 16 9 5.4 1 .3 77.0 62.3 
56. 8 1 .C 14.8 20 b 4.4 c.e 75.0 73. 1 
7C. 9 1 .0 17.8 20 b 4.8 0.9 76.0 73.7 
68. j 1 .0 1 7.4 19 9 4. 7 0.9 77.0 71 . 1 
69. 4 1 .0 16.4 20 1 4.7 1.0 77.7 72. 6 
70. 9 1.1 15.8 17 8 5.1 1 .2 77.3 78.8 
72.0 1 .0 15.7 19 4 4.8 1.0 78.0 71 .4 
67.3 1 .1 1 5.2 19 1 4.7 1.0 77.7 74.4 
7c. 3 1.1 1 5.4 17 9 5.3 1.2 78.3 76.4 
72.4 1.1 15.9 18 9 5.0 0.9 76.0 76.4 
6b. 0 1 .0 1 8. 1 17 9 4.9 0.9 76.3 69.9 
72.0 1 .0 16.7 18 7 4.9 1.0 78.3 72.9 
75.9 1 .0 1 7.5 18 5 5.C 1.1 78.3 72.4 
76. 1 1.0 1 7.0 18 9 4.9 1 . 1 80 .0 74.9 
70.6 1.1 1 b.8 17 8 5.0 1.0 77.3 68. 6 
74. 1 1.1 1 7.0 16 7 5.3 1.2 78.3 72. 1 
72. e 1.0 16.6 20 6 4.6 0.9 78.0 80.0 
73.0 1 .0 lb .4 19 8 4.8 C.9 78.0 78. e 
72. 1 1.1 1 b.b 19 1 5.0 1.0 78.7 77.7 
70.8 1.0 15.7 19 9 4. 7 0.9 79.0 81 .2 
77 .4 1.1 15.2 19 7 5. 1 1.1 77.0 86. 6 
67, 5 1 .0 14.9 19 b 4.7 0.9 76.0 77.2 
81.3 1.0 14,5 22 7 4.6 0.9 81.3 86.3 
78.9 1 .0 1 7 , 0  21 7 4.8 1.1 78.3 85. 8 
76. 2 1.3 16,2 16 4 5. 7 1.5 77.0 77.7 
7b .2 1 .0 15,2 22 3 4,6 0.9 79.3 93. 0 
78. 2 1 .0 14,1 20 6 4.9 1.0 79.3 102.4 
79.6 1.0 18,9 19 b 5.0 1. 1 78.7 73.2 
8b . 8 1 .4 1 8,4 14 1 b.8 1.9 76.0 65. 2 
78. 0 1.0 16.6 19 9 4.8 0.9 79.7 84.9 
79. 0 1.1 lb. 1 19 1 5.3 1.2 79.3 80. 7 
65. 3 1 .0 15.4 21 9 4.b 1.0 80.3 85. 0 
79. 3 1.1 1 J. 9 20 7 4.8 1.1 80.0 82.9 
73. 7 1 .0 13.4 ^3 5 4.4 0.9 80.0 84.4 
77. 3 1.1 1 2.b 20 9 4.8 1.1 80.0 90.9 
bo . 8 1.0 18. 1 19 4 4.9 1.0 76.0 72.9 
73 .3 I  .0 1 7 ,9 21 0 4.9 1.0 78.0 68. 8 
b8. 1 1 .0 16,1 21 8 4.6 0 .8 76.7 83.6 
TABLE 32. (CONTINUED) 
40512) 
AGRONOMY FARM, 1974 (EXPERIMENT 
ENTRY TD SO PH EH 
51 ALPh CO X  LANC C5 21.7 24.7 204.5 97.9 
52 ALPH C5 X KOLK CO 24. 1 28.8 217.6 1 15.6 
53 ALPH C5 X  KCLK C5 26. 1 28.6 229.9 117.9 54 ALPH C5 X  LANC CO 22.5 25.5 216.0 100.5 
55 ALPH C5 X  LANC C5 23.5 25.4 215.4 1  05. 7  
56 BSSS X LANC CO 22.8 24.8 211.4 99.7 
57 8SSS X  LANC C5 22.5 24.4 214. 1 106.2 5 a aSSS(HT>C7 X  LANC CO 23.3 25.0 209.2 99.3 
5 9  BSSS(HT)C7 X  LANC C5 22.5 2 4 . 4  206.6 102.2 
60 KOLK CO X  LANC C5 23.0 26. 1 215.8 112.2 
6 1 KOLK CO X  LANC C5 22.2 25.2 213.9 109. 1 
62 KOLK C5 X  LANC CO 24.2 25.4 223.0 1 12. 7 
63 K O L K  C 5  X  L A N C  C O  25.0 26.2 224.0 112.0 O  4  M O I  7  X  B S S S  23.3 25. 7  203.7 102.4 
65 M O17 X  BSSS(HT)C7 23.2 2 4 . f c  20 1.6 99.8 
6 6 B14A X  ALPH CO 22.6 25.6 212.8 96.9 
6 7 B14A X ALPH C5 23.6 25. 1 216.8 97.4 
68 873 X  ALPH CO 22.6 24.7 212.4 99.7 
6 9  8 7 3  X  ALPH C5 23.7 25.5 229.0 1 14. 5  
70 MO 17 X ALPH CO 22.3 25.5 208.8 103.8 
7  1  M O l 7  X  ALPH C5 23.0 24.8 213.3 107.8 
72 373 X  M O  17 22.8 23.8 201.2 95.0 
A  V G  23.7 26.7 213.8 106.3 
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66. 5 1.0 1 5.5 21 .7 4.6 0 .8 75.3 87.0 67 • 9 1 .0 1 8.b 19.0 4.9 1.0 76.0 74. 7 
74. 0 1.1 1 7.6 18.7 5.2 1.2 77.0 71.4 
tb * 7 1.0 18.2 ^ l r , 3  4. 7 0.8 76.3 74.6 
t>7 .9 1 .0 Ib.O Z t L , 3  4.7 0.9 75.0 82. 7 7b m 1 1.1 16.0 20 .3 5.1 1 .1 77.7 75.7 
73.4 1.0 15.1 20.5 4.6 1.0 78.0 90.8 
76. b 1 .2 1 6.4 17 .9 5.4 1.2 75.3 78. 7 74. 7 1.0 1 5.7 20.3 5.0 0.9 74.7 82.7 72 . 5 1 .0 16.7 19.9 4.9 1.0 77.0 84.6 
75. 0 1 .0 16.1 20.7 4.8 1.0 77.3 88.9 
75.0 1.1 1 7.2 18.8 4. 9 1.1 78.0 75.0 
78 .2 1 .1 1 6.6 16.4 5. 1 1.2 76.3 76.6 
79. C 1 .0 14.8 21 .8 4.7 0.9 80.0 83.4 
82.5 1 .0 1 4.5 22.5 4.7 1.0 79.7 95.4 
77. 1 1 .0 1 6.6 21 .9 4.9 1 .0 76.7 95. 0 
7b. 6 1.0 16. 7 22.2 5.0 1.0 77.3 91.0 83.5 1.1 1 9.5 19.2 5.3 1.2 80.3 76. 0 
91 . 1 1 .0 1 8.9 20.9 5.2 1.1 79.7 80.3 
79. e 1.0 15.4 24. 1 4. 7 1.0 80.0 65.6 
78.6 1 «0 14 .4 23. 4. 7 C.9 79.7 91. 1 90. 3 1.0 15.5 22.3 4.8 1 .0 82.7 88.5 
70 .5 1.1 Ib.l 19.4 4.9 O t 77.0 77.3 
TABLE 32. (CONTINUED) AGRONOMY FARM, 1975 (EXPERIMENT 
50512) 
ENTRY TD SO PH EH 
1 KOLK CO 19.3 24.2 248.2 146. 6 
2 KOLK C 1 26.3 28.3 227.1 134.3 
3 KOLK C2 22.7 25.6 229.4 132.4 
4 KOLK C3 24.0 27.0 229.2 130.2 
b KOLK C4 23.7 28. 1 229.2 132.8 
t> KOLK C5 25.0 27.8 228.0 137.3 
7 LANG CO 16.4 19.6 218.6 1 14.3 
a  LANC CI 17.8 20.3 217.7 110.4 
9 LANC C2 16.9 20.8 216.6 121.2 
1 0 LANC C3 16.3 19.6 208.8 110.4 
11 LANC C4 16.9 19.7 211.7 115.3 
1 2 LANC C5 16.6 19.8 196.6 108.7 
1 3 KOLK CO X KCLK C5 20.4 24.2 233.7 139.0 
1 4 LANC CO X LANC C5 16.2 18.3 225.2 123.3 
1 5 KOLK CO X LANC CO 17.8 22.5 235.2 133.2 
I 6 KOLK CO X LANC CO 17. 1 20.6 242.8 140. 1 
1 7 KOLK CI X LANC CI 18.6 22.8 241.2 130.9 
18 KOLK C2 X LANC C2 18.7 22.4 228.5 130.9 
19 KOLK C3 X LANC C3 17.6 22.2 236.7 128.9 
20 KOLK C4 X LANC C4 19.4 22.7 235.5 133.6 
2 1 KOLK C5 X LANC C5 19.0 2 1.6 232.8 129. 8 
22 KOLK C5 X LANC C5 19.7 22.2 238.4 131.5 
23 HY X KCLK CO 18.7 24.5 248.3 147.6 
24 HY X KOLK CI 20.7 23.6 261.0 151.9 
25 hY X KCLK C2 18.4 2 J. 3 249.3 145. 1 
26 HY X KOLK C3 19.7 23.9 249.9 142.7 
27 HY X KOLK C4 20.0 23.6 256.1 148.3 
28 HY X KCLK C5 20.0 23.7 258.5 151.3 
29 HY X LANC CO 16.4 19.4 236.6 129.0 
30 HY X LANC CI 17.3 2 1.5 240.6 128.6 
31 HY X LANC C2 17.8 21.3 240.6 138.3 
32 HY X LANC C3 17.0 19.5 245.1 135. 1 
3 J HY X LANC C4 16.4 18.8 244.5 135.7 
34 HY X LANC C5 15.9 18.9 239.5 135.9 
35 HY X M017 16.8 1 8.8 230.6 124.6 
36 B14A X KOLK CO 18.4 2 1 .4 247.3 134.0 
3 7 B14A X KCLK C5 18.4 22.7 228.3 1 16.5 
38 dl4A X LANC CO 17.3 19.3 228.3 1 18.8 
39 E14A X LANC C5 16.9 19.0 226.1 11 7. 1 
40 B73 X KOLK CO 17.7 20. 1 245. 1 134.8 
4 1 873 X KOLK C5 19.6 2 1.9 23 6. 7 136.0 
42 q7 3 X LA NC C 0 16.2 18.4 235.2 1 24. 9 
4 3 873 X LANC Cb 16.4 17.5 229.7 126.7 
44 MUl 7 X KOLK CO 17.0 20.2 234.4 130.6 
45 MUl 7 X KCLK et» 19.0 23.4 236. I 136.5 
4o MOl 7  X LANC CO 17.0 18.8 2 15.9 11 7.4 
4 7  MUl 7 X LANC C5 16.3 18.7 2^2. 1 120.0 
48 ALP H CO X KOLK CO 17.4 24.5 231 .8 135. 7 
4 9 Al_PH CO X KOLK C5 18.0 22.0 239.6 136.4 
50 ALPH CO X LANC CO 16.3 19.7 231 .3 123.2 
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91. <1 1.0 18.7 18.2 4.6 1.0 80.7 83.8 
69.0 1 .0 16.5 18.9 4.6 1.0 62.0 84.6 
61. 7 1 .0 16.5 19. 1 4.3 0 .8 79.7 79.0 
6ti. 7 1.1 16.3 18. 7 3.9 C.9 82.0 79.6 
6o . 7 1 .2 15.8 20.5 4.4 0.9 79.3 78. 0 
66. 8 1 . 1 16.0 19.5 4 .2 0.9 79.7 76.5 
69.5 1 .0 15.7 19. o 4.5 0.8 81.0 82.6 
59. 7 1 .0 15.9 19.1 4.2 0.8 81.0 72. 0 
50. 3 1 .0 14.4 18, 7 3.9 0.7 81.3 73. 1 
54.6 1 .0 13.7 20.0 4.2 C.8 80.7 72.4 
57. 3 1 .0 13.7 20.7 4.5 0.8 79.7 80.3 
48. 4 1.1 1 3.4 19.2 4.0 0.6 78.3 73.6 
81 .0 1 .1 18.2 19.8 4.6 1.0 82.7 79. 1 
65. 5 1 .0 1 5.6 18. 7 4.4 0.8 80 .7 75.5 
78.2 1 .0 1 7.5 20. 3 5.0 1.0 83.0 78.0 
73.9 1 .0 1 7.8 21 . 1 4.7 0.9 81.3 76. 5 
89. 0 1.0 I 7.0 20.4 4.6 0.9 84.3 84.5 
77. 2 1.1 15.3 20.8 4.3 0.9 83.3 84.6 
33. 0 1 .0 16.0 22.0 4.5 0.9 83.0 86.4 
98. 4 1.5 14.8 27. 3 4. 7 1.0 82.3 86.8 
92. 1 1 .2 15.7 21 . 7 4.5 0.9 81.3 81.2 
64.5 1.0 15.5 21 .4 4.5 0.9 83.0 89.2 
88.8 1 .0 18.4 19. 1 4.9 1.0 83.7 88.6 
92 .2 1 .0 16.8 17.y 4.8 1.0 83.7 91.3 
92. 2 1.1 1 7.5 20. 1 4.9 1.1 83.7 85.0 
93. 5 1 .0 1 7.5 19.8 5.0 1.1 84.3 6 7.4 
98.4 1 .0 1 6.9 20 .8 5.0 1.0 82.0 89.9 
97. 6 1.1 16.8 21 .4 5.0 1.1 85.7 88.0 
83 «8 1  e O  1 7.0 21 o4 5e0 1.0 82. 7 83.9 
78 . o i .0 1 o. 5 19.3 4.7 0.9 81.7 S o . 4  
92. 0 1.0 16. 1 21.6 5.0 1.0 83.3 95.2 
90.3 1 .0 16.1 21.7 5.2 1.1 61.0 98.6 
96. 4 1.0 1 5.7 21 .6 4.9 1 .0 82.7 98.5 
95. 5 1.0 16.1 20 .3 4.8 0.9 86.C 95. 1 
1 00 • 0 1.0 14.8 23.1 4.6 1.0 85.3 100. 8 
90.9 1.0 16.6 21 . 5 5.0 1.1 83.3 100.8 
87 .7 1.1 16.6 20.2 4.8 1.1 82.3 96.1 
76.6 1 .0 15.1 19.5 4.4 0.8 83.0 97.3 
88. 9 1 .2 13.9 2<i.4 4.t> 0.9 82.0 113.4 
96 . 1 1 .0 18.5 19.8 4.9 1.0 84.7 85.6 
98. 2 1.3 I 7.9 22.4 4.9 1 .1 83.3 79.9 
92. b 1.1 1 7.3 ^ 1 . 3  4.9 1.0 8c.3  82. f 94.4 i  .1 15.9 22 .0 4.8 0 .9 83.3 91.2 
98. J 1.0 1 5. 7 22. 1 4.9 1. 1 84.7 96.1 
96 .to 1.1 14.7 24.2 4.6 1.0 85.3 89. 7 
84. 0 1 .0 14. 1 23.3 4.4 0.8 84.7 97.9 
96.8 1.1 1 2.8 20. 1 4.6 0.9 84.7 1 06.3 
72 .0 1 .0 1 7.5 20.5 5.2 C.9 62.3 82. 2 
74. 4 1.1 1 7.k 21 .6 4.5 0.8 82.7 80 
66.2 1.1 16.8 22.2 4.4 C.8 81.0 77.4 
TABLE 32. (CONTINUED) AGRONOMY FARM, 1975 (EXPERIMENT 
50512) 
E N T R Y  TO SO PH EH 
b I A I_PH CO X UANC C5 15.6 18.6 227.7 125. 
52 ALP H C5 X KOLK CO 18. 1 21 .9 245.0 148. 
ALPH C5 X KOLK C5 19.6 21.5 254.0 144. 
54 ALPH C5 X LANC CO 15.7 18.9 231.2 120. 
t>5 ALPH C5 X LANC C5 17.0 19.5 238.4 132. 56 BSSS X  LANC CO 17.0 1 9 . 9  2 2 7 . 8  117. 
57 asSS X LANC es 17.1 18.9 226.4 1  2 o .  
ba BSSS(HTIC7 X  LANC CO 1 6 . 7  19.9 236.4 128. 
59 B S S S(HTIC7 X  LANC C 5  17.0 18.9 230.8 128. 
o O  KOLK CO X  LANC C5 16.4 19.4 23 1.5 130. 
61 KOLK CO X  LANC C5 16.2 19.9 229.4 127. 
62 K O L K  C 5  X  L A N C  CO 17.9 21 .2 224.3 128. 
63 K O L K  C 5  X  L A N C  CO 18.0 21.8 236.3 1 35. 64 M017 X  BSSS 18.0 19.6 218.5 1 1 9 .  65 M 0 1 7  X  BSSS( H T ) C 7  18.0 19.0 226.2 125. 
6 6 B 1 4 A  X  A L P H  CO 1 6 . 7  19.6 229.9 i 19. 
67 8 1 4 A  X  A L P H  C5 17.7 22.0 236.9 121 • 
68 873 X  ALPH CO 1 7 . 4  21.9 240.0 128. 
o 9  873 X  ALPH C 5  17.0 1 9 . 7  246.4 132. 
70 M O  1 7  X  ALPH CO 17.2 20.6 227. 1 123. 
7  1  M O l  7  X  ALPH C5 1 7 . 6  18.6 239.1 135. 
72 873 X  M O17 17*0 19.4 216.3 1 1 8 .  
A V G  18. 1 2 1.2 233.6 129. 
8 
7  
I 
2 
4  
0 
6 
6 
0 
6 
1 
0 
9  
8 
4  
4  
0 
0 
7  
2 
5  
6 
9  
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72.5 1 .0 16.0 21.5 4.6 0.8 79.7 66. 7 
£7. 0 1 . 1 18.4 20.9 5.2 1.1 82.0 90.2 
96. 5 1 . 1 1 7.3 23. 1 4. 7 1.0 83.3 85.4 
75.6 1 .1 16.5 19.8 4.7 0.9 80.3 83.9 
76. 8 1 .0 1 5.8 20. 7 4.7 0.8 80.7 91.8 
74. 1 1 .2 16.2 21.5 4.5 C.,8 80.0 76.9 
66. O 1 . 1 15.6 21 .6 4.8 1.0 82.7 92. 6 
89. 2 1.1 17.2 21 . J 5. 0 1.0 80.3 88.1 
1 02 .5 1 .2 15.5 24.6 5.0 1.0 61.0 102.3 
86. b 1 .0 16.7 21 . 1 4.6 0.8 83.7 84.6 
64. 8 1 .0 16.9 21.e 4.8 C.9 81.7 83.6 
78 .9 1 .0 16.9 21 . 1 4.7 1.0 82.0 80.6 
77. 0 1.0 16.3 20. 4 4 .5 0.9 83.3 80.2 
96. 9 1.1 14.7 23. 0 4.7 1.0 84.3 94. 7 
99.6 1 .0 15.1 22.0 4.9 1.1 83.7 101.9 
62. 2 1.0 16. 1 22.0 4.7 0.9 83.7 97.7 
89.9 1 .0 15.9 23.0 4.8 1.0 £1.7 109.5 
67. 5 1.1 1 8.9 21 .4 4.7 0.9 82.7 75.7 
101.2 1.1 18.3 22. 1 5. 0 1.0 82.3 88.7 
86.6 1 .0 15.1 23. 7 4.7 0.9 84.0 93. 1 
100. 2 1 .0 15.0 24. 7 4.7 0 .9 84.3 97.7 
107.6 1.1 15.4 23. 7 4.9 1.1 85.7 93.1 
63. 7 1.1 16.2 21 .2 1 
N
 1 
•
 1 1 1 1 
O 1 
•
 1 
O
 1 1 82.5 87.6 
T A B L E  3 3 .  M E A N  V A L U E S  F O R  P L A N T  A N D  E A R  T R A I T S  C O M B I N E D  
O V E R  2  E N V I R O N M E N T S ,  1 9 7 4 - 7 5  
ENTRY TO SO PH EH 
1 KOLK CO 22.4 27.8 235.4 133, 7 
2 KOLK Cl 27.7 32.0 218.9 123. 8 J KOLK C2 26.1 29.7 218.4 122. 0 
4 KOLK C3 27.2 30.0 223.4 124. 6 
5 KOLK C4 25.b 3C.3 222.4 121. 5 
6 KOLK Cb 28.2 32. 1 213.6 125. 3 
7 LANC CO 18.9 22.8 210.3 101. 1 8 LANC Cl 19.7 23.3 193.7 94. 0 9 LANC C2 20.6 23.9 203.0 106. 6 
1 0 LANC C3 19.6 22.4 194.7 97, 0 
1 1 LANC C4 20.0 22.9 199.8 102. 9 
1 2 LANC C5 19.7 22.6 1 85.6 98, S 
1 3 KOLK CO X KOLK C5 23.8 27. 1 230.7 130. 4 
14 LANC CO X LAH^ CS 18,9 2 1.7 212.5 110, 4 1 5 KOLK CO X LANC CO 21 .0 25.3 227.7 122. 4 16 KOLK CO X LANC CO 19.9 24.4 228.3 122. 3 
1 7 KOL K Cl X LANC CI 21 .6 25.7 236.4 122. 4 
IS KOLK C2 X LANC C2 21.6 24,7 219.7 117. 8 
1 9 KOLK C3 X LANC C3 21 .1 24.8 228.6 119, 1 
20 KOLK C4 X LANC C4 22. 1 24.7 225.9 119, 5 21 KOLK C5 X LANC C5 22.2 24.0 227.0 121, 9 22 KOLK C5 X LANC C5 2 1 .B 24. 1 226.8 119, 1 23 HY X KOLK CO 21.3 26.4 238.4 135. 2 24 MY X KOLK CI 23.3 26.6 247.0 136. 5 25 HY X KCLK C2 21 .3 25.1 240.9 134. 5 
26 HY X KOLK C3 22. 1 25.8 241.2 132. 4 27 HY X KCLK C4 22.8 26.4 244.4 136. 9 28 HY X KOLK C5 22.5 26. 1 245.1 137. 5 29 HY X LANC CO 18.9 21. 7 228. 1 117. 1 
30 HY X LAN C CI 19.7 23.4 235.0 119. 6 3 1 HY X LANC C2 19.7 23.2 232.8 125. 4 32 HY X LANC C3 19.5 22.2 233.2 . 123, 7 33 HY X LANC C4 19.3 21.8 236.0 124. 0 34 HY X LANC Cb 18.9 22. 1 233.9 124, 8 36 HY X MOL 7  19.6 21.7 220.5 111, 8 36 B14A X KCLK CO 21.2 24. 1 233.2 118, 2 3 7 814A X KCLK C5 21.5 24.5 2 19.6 108, 5 38 014A X LANC CO 19.4 21.8 217.6 105, 1 39 81 4 A X LANC C5 19.4 21.5 21 7.8 106, 1 40 873 : X KOLK CO 20.8 23.6 234. 1 123, 7 
4 1 873 . X KOLK . CS 22.O 24.5 235.2 127. 1 
42 873 X LANC CO 19. 1  21.1 222.9 113. 2 43 873 X LANC C5 18.9 20.6 222.6 115. 0 44 MOI 7 X KOLK CO 19.9 23.2 222.0 118. 1 4i> MOI 7 X KULK C5 22. > 25.5 226.2 122. 1 40 MOI 7 X LANC CO 19.2 21 .5 206.3 1 06. 5 
4 7 MOI 7 X LANC CS 19.3 21.4 2 10.6 108. 1 4 8 ALP H CO X KOLK CO 20. 1 25.6 223.3 123. 0 49 ALPH CO X KOLK C5 21 .0 24.4 227.6 120. 8 50 ALP H CO X LANC CO 18.8 22.2 220.3 1 10. b 
153 
YD EP RN EL ED KD SP KM 
77.4 1.0 1 0.4 18. 5 4 7 1.0 77.5 76.4 
57. 7 1 .1 16.2 17. I 4 6 1 .0 77.2 72. 5 
52. 6 1. 1 1 5.6 16.9 4 5 0.9 73.7 72.0 
6J. 7 1.2 16.4 16.9 4 6 1.1 78.2 70.0 
61.9 1 .2 16.4 17.6 5 0 1.2 77.0 70.3 
5«. 5 1 .2 1 5.6 16. 6 4 7 1.1 74.8 67.8 
54.2 1 .0 16.4 19. 1 4 5 0.8 76.3 80.4 
54. 7 1 . 1 15.8 18.0 4 6 1 .0 75.8 65.6 
49 .0 1 .2 14.1 16. 8 4 4 0.9 77.2 67.9 
50. 1 1 .2 1 3.6 17.8 4 6 0.9 75.8 6 7. 1 
53. 3 1.1 13.7 18.7 4 8 1 .0 75.2 74.7 
46. 3 1 .1 12.9 18. 0 4 3 0.8 75.0 70.6 
77.3 1.1 1 8.6 18.3 5 0 1.2 79.8 70.7 
56. 2 1 .0 15.2 19. 7 4 4 0.8 77.8 74.3 
74.6 1 .0 17.6 20 .5 4 9 1.0 79.5 75.9 
71. 1 1 .0 I 7.6 20.5 4 7 0.9 79.2 74.8 
79.2 1 .0 16. 7 20.3 4 6 0.9 81.0 78.5 
74.0 1.1 15.5 19.3 4 7 1 .0 80.3 81. 7 
77. 5 1.0 15.8 20. 7 4 6 1 .0 80.5 78.9 
82.9 1 .3 15.0 23.2 4 7 1 .0 80.0 80.6 
84.2 1.1 15.5 19.8 4 9 1 . 1 79.8 78.8 
78. 4 1 . 1 1 5.7 20. 1 4 8 0.9 80.5 82.8 
77.4 1 .0 18.3 18.5 4 9 1.0 80.0 79.3 
82. 1 1.0 16.8 18. 3 4 9 1 .0 8 1.0 82. 1 
84. 1 1 .0 1 7.5 19. 3 5 0 1.1 81 .0 78.7 
84.8 1 .0 17.2 19.4 4 9 1.1 82.2 81.2 
84. 5 1.1 16.9 19.3 5 0 1.0 79.7 79.2 
85.8 1.1 16.9 19.0 5 1 1.2 82. 0 80.0 
78.2 1 16.8 21 «0 4 8 laO 80c3 82c0 
76.9 1 .0 16.4 19. 5 4 7 0.9 79.8 83 .6 
82 .0 1 .1 15.9 20 .4 5 0 1.0 81.0 86. 4 
83. 5 1 .0 1 5.9 20.8 4 9 1.0 80.0 89.9 
86.9 1.0 15.5 20. 6 5 0 1.0 79.8 92.6 
81 . 5 1 .0 15.5 19.9 4 7 0.9 81 .0 86. 1 
90. to 1.0 14. 7 22.9 4 6 1 .0 83.3 93.6 
84.9 1 .0 16.8 21.6 4 9 1.1 80.8 93.3 
82. 0 1 .2 16.4 18.3 5 3 1.3 79.7 86.9 
76. 4 1 .0 15. 1 20.9 4 5 0.8 81 .2 95. 1 
83.6 1.1 14.0 21 .5 4 8 1.0 eo .7  107.9 
fc7.9 1 .0 18.7 19.O 5 0 1 .1 81.7 79.4 
93.5 1 .3 18.2 18. 2 5 9 1.5 80.7 72.5 
85.3 1.1 1 7.0 20.6 4 9 0.9 81.5 83. 8 
86. 7 1 . 1 16.0 20.6 5 0 1.1 81 .3 86.0 
81.8 1 .0 15.5 22.0 4 8 1.0 82.5 90.6 
87. 9 1.1 1 4.3 22.5 4 7 1.1 82.7 86. 3 
78. 9 1.0 13.8 23.4 4 4 0.9 82.3 91 .1 
67 .0 1 .1 12.7 23.5 4 7 1.0 82.3 98.6 
69.4 1 .0 17.8 19.9 5 0 0.9 79.2 77.6 
73.9 1 .0 17.5 21.3 4 7 0.9 80.3 74.7 
67.2 1 .0 16.5 22.0 4 5 0.8 78.8 80. 5 
TABLE 33. (CONTINUED) 
ENTRY TO SD PH EH 
— — — '  — — •  ^  —  — —  —  —  —  ^  — —  —  ^  « m  ^  ^ mm 
5 1 ALPH CO X LANC C5 18.7 21.8 216. 1 111.8 
52 ALPH C5 X KOLK CO 21.1 25.3 231.3 132. 2 
53 ALPH es X KOLK C5 22.8 25.0 242.0 131.0 
54 ALPH C5 X LANC CO 19. 1 22.2 223.6 110.4 
ï>5 ALPH C5 X LANC C5 20.2 22.5 226.9 119.0 
5b BSSS X LANC CO 19.9 22.4 219.6 108.4 S 7  B3SS X LANC C5 19.8 2 1.6 220.3 116.4 
58 QSSS<HT)C7 X LANC CO 20.0 22.5 222.8 114.0 
59 BSSS(HT)C7 X LANC C5 19.7 21.7 218.7 115. 1 60 KOLK CO X LANC C5 19.7 22.7 223.6 121.4 
6 l KOLK CO X LANC C5 19.2 22.5 221.7 118.1 62 KOLK C5 X LANC CO 21.1 23.3 223.6 120. 4 
t>3 KOLK C5 X LANC CO 21.5 24.0 230.1 124.0 
64 MOI 7 X BSSS 20.6 22.7 211.1 111.1 
t 5 MO 17 X BSSS(bT)C7 20.6 2 1.8 213.9 112.6 
66 814A X ALPH CO 19.7 22.6 221.4 108.2 
t >  7  ai4A X ALPH es 20.6 23.5 226.9 109.2 
o 8  873 X ALPH CO 20.0 2 3 . 3  226.2 113.9 
6 9  873 X ALPH C5 20.3 22.6 237.7 123.6 
70 MOI 7 X ALPH CO 1 9 . 8  23.0 218.0 113.5 
71 M O I  7 X ALPH C5 20.3 21.7 226.2 121 .6 
72 B73 X MO 17 1 9 . 9  21.6 208.7 106.8 
A V G  20.9 24.0 223.7 118.1 
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69. 5 1 .0 15.7 21 .6 4 .6 0.8 77.5 86.9 
77. b 1.0 18.Ô 19.9 5.0 1.0 79.0 82.5 
85. 3 1.1 1 7.5 20.9 4.9 1.1 80.2 78.4 71 « 3 1.1 17.3 20.5 4.7 0.9 78.3 79.3 
72. 3 1 .0 lb.9 21 .5 4. 7 0.8 77.8 87.2 
75. 1 1 .1 lo. 1 20.9 4.6 1.0 76.8 76. 3 
81.0 1.1 15.3 21 . 1 4.8 1 .0 80.3 91.7 83. 0 1 . 1 16.8 19.6 5. 2 1.1 77.8 83.4 
88. 6 1.1 1 5 .6 22 .4 b.O 0.9 77.8 92. 5 
79. 6 1.0 16.7 20.5 4. 7 0.9 80.3 84.6 
79.9 1 .0 16.5 21 .2 4.8 0.9 79. 5 86. 2 
77. 0 1 .0 17.0 19.9 4.8 1 .0 80.0 77.8 
77.6 1.1 16.4 19.4 4. 8 1.1 80.8 78.4 
88 .0 1 .0 14.8 22.4 4.7 1 .0 82.2 89.0 
91. 1 1.0 14.8 22.2 4.8 1 .0 81 .7 98.7 
79.7 1 .0 16.4 21.9 4.8 1.0 81 .2 96.3 
83. 3 1 .0 16.3 22.6 4.9 1 .0 79.5 100.2 £b« 5 1.1 1 9.2 20.3 5.C 1 .0 81 .5 75.8 
96.2 1.1 18.6 21.5 5. 1 1.1 81.0 84.5 
82. 7 1.0 15.2 23.9 4.7 1 .0 82.0 89.3 89.4 1.0 14.7 24.3 4. 7 0.9 82.0 94.4 
99.0 1 .0 1 5.4 23.0 4.9 1.0 84.2 90.8 
77. 1 1.1 16.1 20. 3 4. 8 1.0 7S.8 82.4 
Table 34. Analyses of variance for plant and ear traits, Agronomy Farm, 1974 
(Experiment 40512) 
Mean squares 
Days to 50% Days to 50% Plant Ear Ears per 
Source d.f. Yield pollen shed silking height height plant 
Replications 
Entries 
Unadjusted 
Adjusted 
Blocks 
Error 
RCBD 
Effective 
L.S.D.(0.05) 
C.V.(%) 
71 
71 
24 
142 
a 
119,10 
352.56** 
355.92** 
62.40 
50.30 
49.74 
(118) 
11.5 
1 0 . 0  
22.50 
13.28** 
13.29** 
2.42 
1.18 
1 . 0 2  
(118) 
1.7 
4.3 
30.26 
21.48** 
21.35** 
2 . 0 8  
1.48 
1.44 
(118) 
2 . 0  
4.5 
446.00 357.96 
556.82** 324.49** 
526.17** 310.96** 
261 .06  
8 8 . 1 2  
6 0 . 2 8  
(118) 
12.7 
3.6 
1 0 0 . 6 2  
40.56 
31.92 
(118) 
9.2 
5.3 
,0039 
.0283** 
.0283** 
.0144 
.0147 
.0147 
(142) 
. 2  
11.4 
^Effective error degrees of freedom varies with each trait and is given in 
parentheses below mean squares. 
**Significant at the .01 level. 
Table 34. (continued) Agronomy Fann, 1974 (Experiment 40512) 
Mean squares 
Source d.f. 
Number of 
kernel rows 
Ear 
length 
Ear 
diameter 
Kernel 
depth 
Weight per 
300 kernels 
Shelling 
percent 
Replications 2 .15 2 .19 .0381 .0092 17 .43 28.39 
Entries 
Unadjusted 71 6 , 82** 17 . 27** .3516** .0893** 276, 17** 25.15** 
Adjusted 71 7 .06** 17, , 27** .3565** .0899** 276 , 18** 25.15** 
Blocks 24 ,73 1, 48 .1924 .0418 30, 49 2.16 
Error 
RCBD 142 ,50 2. ,34 .1490 .0347 28. ,90 2.66 
Effective _ _ a  ,49 2. 34 . 1466 .0344 28. 89 2.66 
(118) (142) (118) (118) (118) (142) 
L.S.D.(0.05) 1. 1 2. 5 .6 .3 8. 8 2.7 
C.V.(%) 4. 3 7. 9 7.8 17.7 7. 0 2.1 
Table 34. (continued) Agronomy Farm, 1975 (Experiment 50512) 
Mean squares 
Days to 50% Days to 50% Plant Ear Ears per 
Source d.f. Yield pollen shed silking height height plant 
Replications 2 990.07 87 6. 00 2,149. 17 238. 18 .0039 
Entries 
Unadjusted 71 591.57** 12. 32** 17. 41** 440. 70** 300. 64** .0155** 
Adjusted 71 584.05** 13. 3 7** 18. 09** 402. 56** 295. 31** .0155** 
Blocks 24 194.43 0, 94 3. 49 215. 15 70. 04 .0092 
Error 
RCBD 142 96.62 0. 71 1. 85 78. 46 36. 12 .0070 
Effective 118 84.74 0. 70 1. 67 57. 38 32. 15 .0069 
L.S.D.(0.05) 15.0 1. 4 2. 1 12. 4 9. 3 .1 
C.V.(%) 11.0 4. 6 6. 1 3. 2 4. 4 7.8 
Table 34. (continued) Agronomy Farm, 1975 (Experiment 50512) 
Mean squares 
Source d. f. 
Number of 
kernel rows 
Ear 
length 
Ear 
diameter 
Kernel 
depth 
Weight per 
300 kernels 
Shelling 
percent 
Replications 2 .57 13.87 .1272 .1656 19.86 2.95 
Entries 
Unadjusted 71 5.14** 9.60** ,2429** .2768 252.30** 8.68** 
Adjusted 71 5.14** 9.46** .2391** .2768 247.07** 8.68** 
Blocks 24 .42 5.53 .0871 .2339 53.30 2.83 
Error 
RCBD 142 .55 3.89 .0664 .2356 37.06 3.03 
Effective _ _ a  .55 3.75 .0652 .2356 35.86 3.03 
(142) (118) (118) (142) (118) (142) 
L.S.D.(0.05) 1.2 3.2 .4 .8 9.8 2.8 
C.V.(%) 4.6 9.1 5.5 50.0 6.8 2.1 
Table 35. Analyses of variance for plant and ear traits combined over 2 
environments 
Mean squares 
Source d. f. Yield 
Date to 50% Date to 50% 
pollen shed silking 
Plant 
height 
Ear Ears per 
height plant 
Environments (env.) 1 18,923 .37 3,445.26 3, 179.51 42,258.95 60,182.22 .0004 
Replications/env. 4 554 .59 11.69 18.13 1,297.58 298.07 .0039 
Entries (ent.) 
Unadjusted 71 837 . 65** 25.39** 36.57** 908.93** 592.13** .0292** 
Adjusted 71 838 . 58** 25.51** 37.24** 858.14** 573.31** .0290** 
Env. X Ent. 
Unadjusted 71 106, 48** 1.22* 2.32* 88.59 33.01 .0146* 
Adjusted 71 101. 39** 1.16* 2.20* 70.59 32.96 .0148* 
Pooled Error 
RCBD 284 73. 46 .94 1.67 83.29 38.35 .0109 
Effective a 67. 24 .86 1.55 58.83 32.03 .0112 
(236) (236) (236) (236) (236) (260) 
L.S.D.(0.05) 11. 6 1.0 1.7 8.7 6.4 .1 
C.V. (%) 10. 6 4.4 5.2 3.4 4.8 9 .9 
^Effective error degrees of freedom varies with each trait and is given in 
parentheses below mean square. 
*,**Significant at the .05 and .01 levels, respectively. 
Table 35. (continued) 
Mean squares 
Source d. f. 
Number of 
kernel rows 
Ear 
length ( 
Ear 
diameter 
Kernel 
depth 
Weight per 
300 kernels 
Shelling 
percent 
Environments (env .) 1 1.32 370.79 6.6194 .6610 11,474.75 3,237.48 
Replications/env. 4 .36 8.03 .0827 .0874 18.64 15.67 
Entries (ent.) 
Unadjusted 71 11.46** 20.00** .3341 . 1883 463.17** 27.26** 
Adjusted 71 11.69** 19.84** .3336 .1888* 460.56** 27.51** 
Env. X Ent. 
Unadjusted 71 .50 6.87** .2605** .1778* 65.30** 6.57** 
Adjusted 71 .51 6.89** .2619** .1779 62.69** 6.32** 
Pooled Error 
RCBD 284 .53 3.11 .1077 .1351 32.98 2.84 
Effective _a .52 2.98 .1059 .1443 32.38 2.84 
(260) (260) (236) (260) (236) (284) 
L.S.D.(0.05) .8 3.0 .6 .5 9.1 2.9 
C.V. (7o) 4.5 8.5 6.8 37 .6 6.9 2.1 
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Table 36. Combined analysis of variance over 2 environments 
with main effects and interactions partitioned to 
show the effects of cycles of selection on plant 
and ear traits 
Mean squares 
Source d.f. Grain Yield 
Date to 50% 
pollen shed 
Environments (env.) 
Replications/env. 
Entries (ent.) 
Kolkmeier Cn(K) 
(linear) 
(quadratic) 
Kj(deviations) 
Lancaster Cn(L) 
ts 
Kolkmeier x Lancaster Cn(KL) 7 
KL; 
KLq 
KLJ 
Hy X Kolkmeier Cn(HK) 5 
HK/ 
HK. 
HKj 
Hy X Lancaster (HL) 5 
HL" 
HL„ 
HLj 
Among Groups 4 
1 11,508.76 1,447.05 
4 238.40 5.86 
1 ,041.45** 40.64** 
426.53** 26.63** 
1 432.09* 47.34** 
1 629.80** 12.83* 
3 356.92** 24.32** 
66.83 1.84 
1 155.55 1.30 
1 .26 4.02 
3 59.45 1.30 
119.07 3.21 
1 491.04* 12.01* 
1 .78 1.17 
5 68.34 1.86 
55.95 3.95 
1 213.43 2.41 
1 49.03 .03 
3 5.77 5.76* 
90.59 .81 
1 222.94 .17 
1 49.41 3.30 
3 60.20 .19 
7,063.01** 267.82** 
*,**Significant at the .05 and .01 levels, respectively. 
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Table 36. (continued) 
Mean squares 
Date to 50% Plant Ear Ears per 
silk emergence height height plant 
Number of 
kernel rows 
1,473.53 19,947.32 26,911.37 .0567 
6.66 556.77 117.22 .0017 
50.34** 1,493.83** 835.79** 
15.39** 
23.90** 
. 18  
17.63** 
1.76 
1.17 
1.38 
2 . 0 8  
1.98 
5.94 
2.10 
1.16 
1 . 8 2  
.17 
2.49 
2.14 
3.14 
1.24 
4.35 
3.38 
329.77* 
749.34* 
95.16 
268.12* 
435.04* 
1,104.19** 
1.65 
356.46 
124.47 
56.45 
16.00 
159.77 
61.22 
57.94 
.38 
82.58 
45.28 
89.98 
44.64 
30.59 
0426 
118.19* 
183.74* 
286.21* 
40.34 
120.51* 
1.44 
12.63 
196.16* 
21.08 
33.54 
55.01 
11.81 
21.19 
9.63 
36.16 
20 .06  
65.92 
214.29* 
66.45 
16.89 
0400 
.1680** 
.0180 
.0048 
,0340 
.0216 
.1206** 
.0092 
.0643** 
.1620** 
.0102 
.0556* 
.0160 
.0546 
.0114 
.0046 
.0100 
.0009 
.0114 
.0126 
3.88 
. 2 2  
9.94** 
6.38** 
13.61** 
6.31** 
3.99** 
7.55** 
31.93** 
.10 
1.91* 
6.00** 
30.75** 
8.80** 
.48 
1.94* 
4.20* 
.87 
1.54* 
1.58* 
7.25** 
.41 
.08  
359.01** 10,270.25** 6,033.20** .0929* 44.71** 
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Table 36. (continued) 
Mean squares 
Ear 
length 
Ear 
diameter 
Kernel 
depth 
Shelling 
percent 
Weight per 
300 kernels 
297.75 4.2306 .6417 2,069.16 7,983.81 
3.61 .1307 .0226 16.18 10.04 
13.79* .2453 .0519 32.55** 266.10** 
2.85 
5.49 
2.23 
2.17 
.1780 
.1446 
.0714 
.2246 
.0660 
.1446* 
.0066 
.0596 
18.36 
7.90 
.01 
27.96 
51.17 
228.22** 
7.43 
6.73 
3.78 
.49 
7.73 
3.57 
.1840 
.0036 
.1398 
.2588 
.0480 
.0001 
.1026 
.0458 
3.80 
8.06 
3.02 
2.64 
187.41** 
43.39 
398.58** 
165.03** 
8.09 
1.06 
1.00 
10.92 
.0847 
.0246 
.3402 
.0456 
.0300 
.0318 
.0012 
.0354 
2.09 
1.35 
5.14 
1.63 
44.29 
168.20* 
44.44 
19.68 
1.29 
2.69 
1.71 
.68 
.0400 
.1236 
.0180 
.0200 
.0400 
.0858 
.0030 
.0372 
6.15 
4.57 
.87 
8.44 
10.35 
.62 
1.38 
16.59 
1.94 
.28 
.01 
3.13 
.1140 
.0078 
.2316 
.1102 
.0160 
.0036 
.0114 
.0218 
1.88 
.54 
.60 
2.76 
92.61* 
222.94** 
119.49* 
40.20 
80.43** 1.1081** .1372* 210.83** 1,557.88** 
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Table 36. (continued) 
Mean squares 
Source d.f. Grain Date to 50% Yield pollen shed 
Env. X Ent. 
Env. X K 
Env. X K£ 
Env. X Kq 
Env. X Kj 
Env. X L 
Env. X L£ 
Env. X Lq 
Env. X Ld 
Env. X KL 
Env. X KL^ 
Env. X KLç 
Env. X KLj 
Env. X HK 
Env. X HK£ 
Env. X HKg 
Env. X HKj 
Env. X HL 
Env. X HL£ 
Env. X HLq 
Env. X HLj 
Env. X Among Groups 
Pooled Error 
Total 
31 
124 
191 
94.53 
77.31 
231.87 
116.65 
12.68 
16.32 
23.98 
1.37 
18.75 
109.52 
166.00 
33.31 
115.26 
27.40 
18.66 
40.68 
25.95 
107.03 
357.70* 
3.44 
58.00 
1.75* 
4.12* 
.01 
.01 
6.86** 
2.29 
2 .88  
1.35 
2.41 
1.29 
1.21 
.70 
1.43 
.29 
. 28  
.24 
.32 
. 88  
1.69 
1.44 
.42 
255.90* 1.85 
89.60 1.17 
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Table 36. (continued) 
Mean squares 
Date to 50% Plant Ear Ears per Number of 
silk emergence height height plant kernel rows 
2.64 89.12 36.21 .0296** .46 
3.65 72.89 39.92 .0210 1.92* 
1.41 .01 4.42 .0828** 1.64 
1.84 207.63 106.80 .0001 .01 
5.01 52.28 29.46 .0102 2.75* 
.37 176.71 27.05 .0050 .10 
.35 37.95 68.16 .0108 .01 
.30 181.96 41.42 .0042 .35 
.40 221.21 8.56 .0180 .05 
2.10 60.12 64.58 ,0386** .27 
7.46 6.20 39.36 .0180 .13 
1.34 34.91 7.00 .0099 .01 
1.89 75.94 81.14 .0484** .35 
1.58 34.47 23.45 .0052 .07 
.34 11.25 3.24 .0001 .01 
.05 36.55 30.21 .0001 .01 
2.50 41.52 27.91 . 0086 . 11 
1.76 32.34 9.75 .0020 .33 
6.38 .01 .01 .0012 .96 
1.39 35.82 .01 .0025 .33 
.33 41.95 16.24 .0028 .12 
7.61* 189.94 42.37 .1206** .07 
2.00 96.40 45.73 .0106 .50 
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Table 36. (continued) 
Mean squares 
Ear 
length 
Ear 
diameter 
Kernel 
depth 
Shelling 
percent 
Weight per 
300 kernels 
6.49** .2976** .0524* 8.87** 41.78 
8.42* 
30.38** 
4.63 
2.37 
.4350* 
1.6245** 
.1029 
.1462 
.0670 
.3153** 
.0336 
.0001 
10.15* 
.01 
2.83 
15.98** 
22.80 
1.85 
1.76 
36.80 
3.01 
4.46 
9.26 
.49 
.1850 
.1650 
.3429 
.1407 
.0410* 
.0620 
.1518* 
.0001 
2.41 
6.00 
2.30 
1.24 
15.36 
.01 
55.26 
7.17 
10.41 
31.94** 
5.67 
7.05 
.2058 
.5427 
.0001 
.1794 
.0231 
.0114 
.0495 
.0201 
2.64 
7.04 
1.57 
1.97 
26.42 
20.78 
36.90 
25.45 
5.30 
17.23* 
5.05 
1.41 
.0520 
.1455 
.0627 
. 0145 
.0076 
.0213 
.0036 
.0050 
2.68 
.01 
11.13 
.76 
18.73 
.21 
19.24 
24.74 
1.64 
.68 
2.19 
1.75 
.0910 
.0500 
.0100 
.1326 
.0220 
.0075 
.0243 
.0297 
10.78* 
19.05* 
25.44* 
3.14 
47.52 
129.02* 
49.35 
19.74 
9.12* .9910** .1936** 31.61** 147.07** 
3.18 . 1556 .0335 4.10 32.64 
